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PR£FACE. 



Ih an experience of many yean in teaching Arithmetic, the 
author of the following treatiae has thought that, with manj 
excellences, there were also many defects in the best books is 
use. To correct these defects and to multiply the excellenoe» 
has been his constant aim. This is his only apology for prK 
senting a other school-book in a department already oyerbur 
dened. 

It has been the guiding principle to be dear, brief, accurate 
logical. Subjects are arranged, first, with reference to theii 
dependence, and, secondly, with reference to their importanoc- 
and simplicity — the less difficult and more practical first, and 
the more intricate and less important afterwards. 

In Reduction, those examples requiring a famiUar acquaint 
ance with fractions have been deferred until fractions have been 
discussed; and in Fractions, the several operations have been 
arranged with strict regard to the dependence of principle& 
contrary to the almost uniform arrangement of other works. 

Some articles of a practical business nature, not usually found 
in arithmetics, have been introduced, and special care has been 
taken to adapt the work to the wants of the business community 
yet the science of numbers has not been forgotten, but the defi- 
nitions and manner of discussion have been designed to prepare 
the pupil to enter upon the study of Algebra with pleasure and 
profit 



IV PREFACE. 

« 

It has been assumed that the learner has some knowledge of 
the properties and relations of numbers (and no scholar should 
be allowed to study Written Arithmetic until he is familiar with 
the modes of reasoning in InteUectucd Arithmetic), yet it is be- 
lieved that every intricate principle has been clearly presented 
before its aid is required for the solution of an example. 

It has been designed to give answers enough to inspire confi- 
icnce in the learner, and yet to dmit enough to secure the 
discipline resulting &om proving the operations. 

At the dose of the work, an extended Supplement has been 
idded, designed to be suggestive (and this has been a leading 
idea in the whole work) rather than full or consecutive, it being 
considered the great end of school discipline to lead the pupil to 
think for himself. 

In submitting this t^^eatise to the intelligence and candid criti- 
cism of school committees and practical teachers, the author takes 
pleasure in acknowledging deep indebtedness to the Principal, 
the Associate Teachers and Treasurer of Phillips Academy, and 
to other eminent teachers and men of practical knowledge, for 
important suggestions and valuable criticisms in the preparation 
of the work. 

A Key, conbdning the Answers not given in this book, is publishad 
for the use of Teachers. 

reiLLirs AOADXICT, AVDOVXB, ) 

Jnly 16, 1857. | 
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ARITHMETIC. 



Article 1. Arithmetic* u the teienee of numbers Mid 
the art of computation. 

(a) A^umber is a unit or a collection of units — a unit f 
being the least whole number, viz. one, 

3. Arithmetic employs six different operations, viz. Notation^ 
Numeration^ Addition^ Subtraction^ Multiplication and Division. 

NoTB. — These operations are yarioiisly oombined, giying rise to a g;reat 
qjunber of rules. 



§1. NOTATION. 

3. Notation is the art of expressing numbers and their 
relations to each other by means of figures and other symbols, 

4. To express numbers, the ten Arabic figures or digits,t 

0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 
naught, one, two, three, four, five, six, seven, eight, nine, 

are in general use. 

* Arithmetic is from the Greek 'ApAfirrrueii (sc. Wx>^)f ^^ ^^ ^ tcienc^ 
tf numbers. 

t Unit, from the Latin untis, which means one, 

I Digit, from the Latin digitus, a finger; a term probably applied lo 
Ignres from the custom of counting upon the fingers, 

1 



2 NOTATION. 

«S. The seven Koman letters, 

I, V, X, L, C, D, M, 

one, five, ten, fifty, one hundred, &ve hundred, one thousand. 

are sometimes used to express numbers. 

O. The sign of dollars is written thus, $ ; e. g. $2 represents 
two dollars ; $10, ten dollars^ etc 

7. The sign of equality y =, signifies that the quantities be- 
tween which it stands, are equal to each other ; thus, $1 = 100 
3ents, i. e. one dollar equals one hundred cents. 

NoTB. — An expression in which the sign of equality occnrs, is called an 
equation. That portion of the equation which precedes the sign of equality 
11 the first member, and that which follows, the second member of the 
equation. 

8. The sign of addition^ -f-9 called plus^ denotes that the 
quantities between which it stands are to be added together; 
thus, 3 -|- 2 = 5, i. e. three plus two equals five, or three and 
two are five. 

9. The sign of mbtraction^ — ^ called minuSy signifies that the 
number after it is to be taken &om the number before it ; thus, 
7 — 4 = 3, i. e. seven minus four, or seven diminished by four, 
equals three. 

10. The sign of multiplication^ X? signifies that the two 
numbers between which it stands are to be multiplied together ; 
thus, 6x5 = 30, i. e. six multiplied by five equals thii*ty ; or 
more familiarly, six times five are thirty. 

11. The sign of division, -=-, indicates that the number befow 
It is to be divided by the number after it ; thus, 8-7-2 = 4 
L e. eight divided by two equals four. 

(a) Division is also frequently indicated thus, f = 4 ; alsr 
by two dots, thus, 8:2 = 4; L e. eight divided by two equali 
four. 

13. Thi-ee dots, .*., are the symbol for therefore / e. g. 8 -s- 5 
=: 4 and | = 4, .•. 8 -7- 2 = f , i. e. therefore these two forms 
8-7-2 and f , have the same signification. 

WoTB. — Other titpu and their signification will be given when their aic 
needed 



VUMKBATIOK. 



§2. NUMERATION. 

13. NuMEBATiOK 18 the art' of reading nuinben which hate 
been expressed hj figures. 

14:. The first Arabic figorey 0, is called a cipher ^ naught or 
were, and, standing alone, signifies nothing. Each of the r» 
maining nine figures, 

1, 2, 3, 4, 5, 6, 7, 8, 9, 
one, two, three, four, five, six, seven, eight, nine, 

represents the number placed under it, and, for convenience in 
distinguishing them from 0, thej are called significant figures. 

KoTB. — The terms significant and in8ign\fic(uA are used technically ; if 
as reallj significant as any other figure. 

ItS. Each significant figure has two values ; one of which is 
constant^ (i. e. always the same,) the other, variable ; thus, in 
each of the numbers 2, 20 and 200, the left-hand figure is two ; 
but in the first it is two units ; in the second, two tens ; and in 
tlie third, two hundreds. 

The former of these values is the inherent or simple value, 
and the latter is the local or place value. 

10* The value of a figure is made tenfold bj removing it one 
'^iace towards the left ; a hundi^dfold by removing it two places, 
etc 

ly. For convenience in reading, the figures of large numbers 
are frequently separated by commas into periods or groups. 

18. There are two methods of grouping — the French and 
the English. By the French method a period consists of three 
figures — by the English, of six. The French method is most 
'H)nvenient and principally used in this country. 

19. By the French method the first or right-hand period con* 
lauis units, tens and hundreds and is called the period of units , 
the second period contains thousands, tens of thousands and hun 
dreds of thousands and is called the period of thousands ; etc 
u in the following 
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FRENCH NUMERATION TABLE. 
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§ 



Of 




5* 'S 



J 

r? to 

w § 

'sa 



§ 
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I 



•s 



OQ 



8, 7 6 9, 5 4 0, 

7th period, 6th period, 5th period, 
(aintillioiu. Quadrillions, Trillions, 



7 6, 

4th period, 
Billions, 



I 

OQ 

I 

4 7 6, 

8d period, 
MiUions, 



00 

H 




4 



'i « 4i 

? (U Q 

1, 8 4 8 

2d period, Ist period, 
Thousands, Units, 



30. The value of the figures in this table, expressed in words, 
is eight quintillions, seven hundred and sixty-nine quadrillions, 
five hundred and forty trillions, seven hundred and six billions, 
four hundred and seventy-six millions, one thousand, eight hun- 
dred and forty-three. 

31. The table can be extended to any number of places, 
adopting a new name for each succeeding period. The periods 
above quintillions, are sextillions, septillions, octillions, nonillions, 
decillions, undecillions, duodecillions, etc 

Exercises in Numebation by the Fbench Method. 
33. Let the learner read the following numbers : — 

23,486,927 

74,600,007,468 

9,999,999,999,999 

471,654,769,853,670 

5,476,906,757,000,000 

12. 14,000,000,456,447,993 

33. By the English method the first period contains units, 
cens, hundreds, thousands, tens of thousands and hundreds of 
tnousands and is called the period of units ; the second period 
contains millions, tens of millions, hundreds of millions, thoa* 



1. 


17 


7. 


2. 


156 


8. 


8. 


9,874 


9. 


4. 


76,523 


10. 


5. 


890,204 


11. 


6. 


4,076,470 


12. 



VUMEKATIOH 



Mmde of millions, tens of thousands of millions and hnndrtids oi 
thousands of millions and is called the period of mdlUoni ; rtd, 
M in the following 






ENGLISH NUMERATION TABLE. 

o 



pq 

^ 



i 



pq 







S'g si's 

9 ^ s 3 <3 ^ 
fcS -^ -S k2 ^ ^ 

WEhHWHW 
7 9 8 6 5 4, 

8d period, 
BiUioDB, 




f 



g'3a;S 




^ § 

C3 S ol §S 

7 4 6 7 8, 

2d period, 
MilUonfl, 




8 



S M O S fl '^ 

KEhEhWHP 
9 6 4 2 8. 

Ut period, 
Units, 



34:. The value of the figures in this table, is fortj-three trii 
lions; seven hundred ninety-eight thousand, six hundred and 
fifty-four billions ; eight hundred seventy-four thousand, six 
hundred and seventy-eight millions; nine hundred sixty-four 
thousand and twenty-eight 

its* The names of the figures and their values are the same in 
the two tables for the first nine places from the right, after which 
they are alike in vcdue but different in name, A trillion by the 
English method is much more than by the French. 

ExEBCiSES IN Numeration by the English Milthod, 

SO* Bead the following numbers : — 

1. 87,658746,987694,127346 

2. 93467,865493,217684,729111 
8. 47,608000,000047,699998,743270 
4. 777,777777,777777,777777,777777 
6. 9000,000000,000000,000000,000000 
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KXEBOISES IN NOTATION. 



Exercises in Notation. 

37. Lot the learner express the following numbers in figures 
by the French method : — 

1. One thousand, three hundred and fourteen. 

2. Seventeen millions and thirty-six thousand. 
S. Sixty-five trillions, four millions and six. 

4. One hundred and fifty-three decillions, one hundred and 
forty-nine octillions, nine hundred and ninety-nine quintillions, 
tor^-eight quadriUkns, seven hundred and forty-seven thousandl 
Dine hundred and ninety-nine. 

38. Express the following numbers in figures by the English 
Dotation : — 

1. Fourteen billions; three hundred fi^'-six thousand, two 
hundred and fifty-seven millions ; five hundred and twenty-five 
tliousand, seven hundred and forty-one. 

2. Two quintillions ; five thousand quadrillions ; two hundred 
f«>rty-two thousand, seven hundred and fifty-two millions ; two 
hundred and fourteen. 

NoTB. — These and other exercises will be varied and extended by tht 
leacber as circumstances may dictate. 

^9. TABLE OF ROMAN NUMERALS. 



I 


1 


XXI 


21 


II 


2 


XXIV 


24 


III 
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yixv 


25 


IV 


4 


XXIX 


29 


V 


5 


XXX 


30 


VI 
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XL 


40 


VII 


7 


L 


50 


VIM 


8 


LX 


60 


IX 


9 


XC 


90 


X 


10 


C 


100 


XI 


11 


CCCC 


400 


XTT 


12 


D 


500 


XIII 


13 


DCCCC 


900 


nv 


14 


M 


1000 


XV 


15 


MD 


1500 


XVI 


16 


MDC 


1600 


XVII 


17 


MDCLXV 


1665 


T:vni 


18 


MDCCXLDL 


1749 


xi>; 


19 


MDCCCXVI 


1816 


XX 


20 


MDCCCLVn 


1857 



▲DDinOB 7 

(a) When two or more letters of equal value are united, or 
nrhen a letter of less value follows one of greater, the sum ol 
Jieir valuM is indicated ; thus, XXX =: 30, LXY = 65, CC 
= 200, etc 

(b) When a letter of less value precedes one of greater, the 
iiffertfnce of their values is indicated ; as, IX = 9, XL = 40 
etc. 

(c) When a letter of less value stands between two of greater 
value, the less is to be taken from that which follows it and the 
remainder to be added to that which precedes it ; as, XIY := 14« 
CXL = 140, etc 

Exercises in Roman Notation. 

30. Express the following numbers bj letters : -^ 

1. Twelve. Ans, XIL 

2. Eighteen. Ans. 

3. Twenty-nine. 

4. Ninety-nine. 

6. Two hundred and eighty-four. 

6. One thousand, four hundred and forty-six. 

7. One thousand, six hundred and forty-four. 

8. The present year, A. D. ^ 



§3. ADDITION. 



31* Addition is the putting together of two or more num- 
bers of the same kind, to find their 9um or avnounU 
32. This may be done by the following 

Rule. — • Write the numbers in 07 fer, units under units, tens 
pnder tens, etc. Draw a line beneath add together the Jigures 
in the units^ column and, if the sum b6 less than ten, set it undet 
that column ; but, if the sum be ten or more, write the units as 
before and add the tens to the next column. Thus proceed till aB 
<A^ columns are added. 



8 ADDIXlOlf 

33. Ex. 1. Add together 27, 93 and 145. 

OPERATION. Having arranged the numbers^ we add the col- 
2 7 umn of units ; thus, 5 and 3 are 8, and 7 are 15 
9 3 units (= 1 ten and 5 units). The 5 units are 
14 5 placed under the column of units and. the 1 ten is 
rrr added to the column of tens ; thus, 1 and 4 are 
5, and 9 are 14, and 2 are 16 tens (= 1 hundred 
and 6 tens). The 6 tens are set under the tens and the 1 hun- 
dred is added to the 1 hundred in the third colunm, making 2 
hiintlreds to be set under the third column. 

2. 8. 4. 6. 

469 879 5632 98423 
874 458 4561 78621 
32 4 376 7894 85432 



Ans. 1667 1713 18087 262476 

6. 7. 8. 9. 

469 3579 123456 3607842 

874 6842 789012 24681 

327 6070 345678 246 

984 8479 901234 874690 

387 5164 655360 390625 

625. 1024 20736 21025 

676 9801 412090 960400 

7 29 3721 7 682 41 13 67631 

Ans.5^ 4HMZ) HWmd^ f^^TTTFO 

34. Proof. — Having added several numbers together, it is 
desirable to test the accuracy of the work ; this test is called 
the PROOF and is applied in several different wags. The usual 
mode is to begin at the top of the units* column and add down- 
ward. If the work is right the two sums will be 
ALIKE. By this process we combine the figures differently, 
and HENCE shall probably detect any mistake which mag hav€ 
heen made in adding upward. 

NoTC I. — The operation called proof in this and -the following Artideii 
9idy serves to strengthen the prthabiUtfi that the work is ri£:ht. 



ADDITION. 



ILLUSTBATION 

Ex. 10. 

87684 
48297 
68746 
94852 



Sum, 249579 
Proof, 249579 



In adding upuHxrd we say, 2 a'A 6 are 
8, and 7 are 15, and 4 are 19, etc ; bat, in 
adding daumwardy we say, 4 and 7 are 11, 
and 6 are 17, and 2 are 19, etc, thus ob- 
taining the same remits but by dtfferenl 
combinations. 

11 we do not obtain tho same result by 
the two methods, one operation or the 
other is wrong — perhaps both — and the 
work must be carefully performed again. 



Note 2. — In adding it is KOT desirable to kame the figures 
that we add; thus, in the above example, instead of saying i md 
6 are 8, and 7 are 15, and 4 are 19, it is shorter and there- 
fore BETTER to say 2, 8, 15, 19 ; setting dawn the 9, say, 1, 6, 
10, 19, 27, etc. etc. 

Note 3. — Much of the labor of the practical accountant consists ia 
adding up long columns of figures, and the learner should not rest satisfied 
till he can readily sum up such columns with unerring accuracy. 



Ex. 11. 

24864 
11608 
88020 
49132 
12883 
12677 
24764 
24914 
24900 
24878 
19864 
27414 
29914 
57208 
t 8692 
2 1778 
2 3 3 2 1 
2 4321 
8 481 4 



12. 

88695 
44347 
93040 
90000 
95000 
95004 
47804 
68704 
98764 
58798 
95490 
98695 
96564 
90825 
95695 
92237 
98153 
94373 
93017 



13. 

50000 
25000 
15000 
55555 
54445 
5 3 3 3 3 
56667 
8 4 7 6 9 
25231 
34372 
55628 
72869 
37131 
46872 
63128 
8 4 2 7 9 
2572 J 
94876 
15124 



14. 

44444 
22228 

66666 
55555 
33333 
11111 
88888 
77777 
33333 

mil 

55000 
33888 
40404 
48484 
27272 
61616 
5 3 5 3 5 
35353 
47210 
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ADDITION. 



Ex. 15. Add 7435, 86424, 75, 987 and 14. 

16. What is the sum of 9874. 625 and 49687428 ? 

17. Add four hundred and fifty-six; eight thousand, foai 
hundred and seventy-two ; fifteen thousand, seven hundred and 
twenty-one ; forty-three millions, seven hundred and thirty-three 
thousand, eight hundred and fifty-nine ; and ten. 

18. A owes to B $176, to C $8796, to D $549, to E $27, to 
F $5, to G $1111, to H $469 and to I $46978; how much 
does he owe ? 

19. What was the aggregate population of our country in 
1790, 1800, 1810, etc, the population of each state and tenjtory 
being as in the following table ? 



Ala. 

Ark. 

Cal. 

D. C. 

Ct 

Del. 

Fla. 

6a. 

111. 

Ind. 

Iowa 

Ky. 

La. 

Maine 

Md. 

Mass. 

Mich 

Miss. 

Mo. 

N. H. 

N.J. 

N.Y. 

N. C. 

Ohio 

Pa. 

R. I. 

S. C. 

Tenn. 

Texas 

Vt. 

Va. 

Wis. 

Torrit. 

Alls. 



1790. 



288,141 
60,096 

82,548 



78,077 

96,540 
819,728 
378,717 



141,899 
184,139 
840,120 
893,751 

434,373 
69,110 

249,073 
35,791 

85,416 
749,308 



1800. 



14,098 

251,002 

64,278 

162,101 

4,875 

220,955 

161,719 
841,548 
423,245 

8,850 

188,762 
211,949 
586,756 
478,108 

45,365 
602.361 

69,122 
345,591 
105,602 

154,465 
880,200 



8,929,827.5,306,987 



1810. 



24,023 

262,042 

72,674 

252,433 
12,282 
24,520 

406,611 

76,566 

228,705 

880,546 

472,040 

4,762 

40,352 

20,845 

214,360 

245,555 

959,049 

555,500 

230,760 

810,091 

77,031 

415,115 

261,727 

217,713 
974,622 



1820. 


J880. 


1840. 1 


1850. 


127,901 


809,527 


590,756 


771.628 


14,278 


80,888 


97,574 


209^897 
92,597 


83,039 


89,884 


43,712 


51,687 


275,202 


297,675 


809,978 


870,792 


72,749 


76,748 


78,085 


91,632 




34,730 


54,477 


87,446 


840,987 


616,823 


691,392 


906,185 


55,211 


157,445 


476,183 


861,470 


147,178 


843,031 


685,866 


§88,416 






43,112 


192.214 


564,817 


687,917 


779,828 


982,406 


153,407 


215,739 


352,411 


517,763 


298,335 


399,455 


501,793 


583,169 


407,350 


447,040 


470,019 


583,034 


523,287 


610,408 


737,699 


994,614 


8,896 


31,639 


212,267 


897,664 


75,448 


136,621 


375,661 


606,626 


66,586 


140,455 


383,702 


682,044 


244,161 


269,328 


284,574 


317,976 


277,575 


320,823 


373,306 


489,555 


1,372,812 


1,918,608 


2,428,921 


3,097,394 


638,829 


737,987 


753,419 


869,039 


581,434 


937,903 


1,519,467 


1,980,329 


1,049,458 


1,348,233 


1,724,033 


2,311,786 


83.059 


97,199 


108,830 


147,546 


502,741 


581,185 


594,398 


668,507 


422,813 


681,904 


829,210 


1,002,717 
212,592 


235,764 


280,652 


291,948 


314,120 


1,065,879 


1,211,405 


1.239.797 


1,421,^1 






' 80,945 


305,391 






— . 


92,298 






98,101 S7i 



▲DDITIOH. 11 

20. The populatioii of England in 1851 was 16921888; of 
ficotlaD/l, 2888742 ; of Wales, 1005721 ; of Ireland, 6515794 
What ^as the population of Great Britain and Ireland ? 

21. The area of Maine is 85000 square miles ; N. H., 8030 ; 
Vt., 8000 ; Mass., 7250 ; R. L, 1200 ; Ct., 4750. What is the 
area of New England ? 

22. Th<) area of New England in 1853, was about 64231 
W[uare miles ; of the Middle States, i. e. N. Y., N. J., Pa. and 
Del, 101971 ; of other states north of the Ohio and east of 
tlie Mississippi, 239349 ; south €S the Ohio and east of the 
Mississippi, 442673 ; west of the Mississippi, 723997 ; of the 
Territories, 1734645. What was the area of our country ? 

Ans. 3306865 sq. m. 
28. Wiiliam the Conqueror began to reign in England in the 
year 1066 and reignod 21 years ; William II reigned 13 years ; 
Henry I, 15 years ; Stephen, 39 years ; Henry II, 35 years ; 
Richard I, 10 years ; John, 17 years ; Henry III, b^ years ; 
Edward I, 35 years ; Edward II, 20 years ; Edward III, 50 
years ; Richard 11, 22 years. In what year was Richard 11 
dethroned ? 

24. The distances of several places from Washington are as 
follows, viz. Augusta, Me., 595 miles ; Concord, N. H., 481 
miles ; Montpelier, Vt, 516 miles ; Boston, Mass., 440 miles ; 
Providence, R. I., 400 miles ; Hartford, Ct., 335 miles. What 
distance will that man travel who goes from Augusta to Wash- 
ington, thence to Concord, thence back to Washington and so 
on until he has visited each place in succession and finally goes 
from Hartford to Augusta, a distance of 250 miles ? 

25. Suppose a member of Congress to be elected in each of 
the places named in Ex. 24, what will be their aggregate travel 
in going to Washington and returning to their homes once each? 

26. A merchant bought 6 bales of cloth measuring 125, 99, 
384, 1 62, 400 and 399 yards, respectively ; how many yards did 
he buy ? 

27. A butcher bought eight oxen which weighed, after they 
were di-essed, 517, 493, 862, 1127, 419, 76H, 1243 and 987 



12 ADDITION. 

[H)iinds, i^especdvelj ; how manj pounds of beef did he pui 
chase? 

28. A, B, C and D, commencing trade together, fiimi3hcd 
money as foUows — A, $3465; B, $2700 ; C, $5575; and D, 
$6000. What was the total capital ? 

29. There are five numbers ; the 1st is 476 ; the 3d is 9768 ? 
the 2d is the sum of the 1st and 3d ; the 5th is the sum of the 
1st, 2d and 3d; and the 4th is the sum of the 2d and 5th. 
What is the sum of the five numbers ? 

30. The difference of two numbers is 876954, and the smaller 
is 7869432. What is the larger ? and what the sum of the two 
numbers ? 

31. The cost of the American army for five successive years, 
commencing in 1812, was $12187046, $19906362, $20608366, 
$15394700 and $16475412 ; what was the cost for five years ? 

82. 83. 34. 

6487962 478693252 246987432 

276 989742624 523478761 

997867985 896872748 532487649 

98746958 769879 772496778 

347697842 4769427 624783624 

999999947 953643468 728637453 

369874 8742763 432789645 

7689106 427410637 324326728 

5879629 274812 674235978 

427864278 37444469 3 472641324 

376987423 546873940 264731598 

5 721357 2 2 953201457 416247565 

994120371 25731271 214652911 

992310894 994012377 564562161 

999630126 99993529 456099244 

53 5213 6 748 16025143G 

652302158 10257376 264105265 

•01253042 603127252 116392111 

2132015 999230121 356401240 

•99999724 995230573 365410128 

994512038 46356532 641901457 
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NoTS 4. — It 18 castomBry to 

leparate dollars and cents hj a 
point ; thus, $6.82 is read, six dol- 
lars and eighty-two cents. 



Ex.35. 

S 1 6 4 3.4 2 

B 4 7.3 1 

5 6.2 5 

3.3 3 

7 8.1 6 
1 8 3 2.4 3 

7 4 1.5 
2 5 9.3 

8 3.3 3 
16.7 9 

7 1 2 8.2 3 

7 7 3.1 9 
9 4 0.4 3 

5 9.7 5 

8 3 7.1 6 
. 4 2.5 8 

18.7 6 
I 5 3 0.2 1 

5 5.0 2 
5 8 6.7 5 
1 4 2.0 4 

3 4.7 5 



36. 

$43 5 7.0 
4 2 9.6 6 

3 9 6.2 5 
6 7 8 9.7 5 
1 1 5 0.0 

742.83 
5 43 2.10 

2 1 2.1 8 
7 9.2 

8 9 1.3 1 

4 7 2 8.5 3 
9 40.4 2 

2 5 4 4.9 6 

3 6 6.0 3 
2 6 7.3 

2 2.81 

2 5 6.0 

5 5.0 2 

2 6 8.3 4 

3 6 7.3 5 
2 2 6 9.5 4 

2 0.4 1 



Note 5. — Accountants nsnally 
separate long columns of figures 
into parts by. drawing horizontal 
fines, add the numbers between 
these lines, set the sums at the 
right, and then add these sums, as 
in the annexed example. 



Ex. 87. 

18756.92 

4 7.8 5 

43 2.5 4 

7 6 2.9 4 

5.4 8 

14.5 2 

2 3.0 7 



5 6 7.4 9 

8 7 4.3 2 

5 6.1 5 

2.12 

7 5.15 
5 6.0 2 
4 7. 14 

2.2 5 

9.15 

8 7.4 2 
5 6 9.8 7 

2 4.5 6 

8 4 2.1 5 
4 7.9 6 
81.15 
4 6.5 3 

4 8 7.2 

5 3 7.0 
4 7 8.6 9 

2 4 6 8.2 5 

4 2.1 6 

8.0 5 

.5 



1 4 8.8 1 



1 6 7 8.8 9 



6 9 8.2 5 



5 3 9.6 4 



Ans. $17 45 4.60 



38. The cost of taking and printing the census of the United 
States in 1790, was $44377.28 ; in 1800, $66109.04; in 1810, 
$178444.67; in 1820, $208525.99; in 1830, $378545.13; in 
1840, $832370.95 ; in 1850, $1318027.53. What has been the 
cost of these seven censuses ? Ans. $3026400.59 

2 
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14 SUBTBAOTIOir. 

39. A farmer owns a farm worth $4775, a pair of oxen worth 
$115, a horse worth $100, six cows worth $30 each, and other 
property worth $1550 ; what is the value of his estate ? 

40. The area of North America in 1853, was about as follows, 
viz. — United States, 3,306,865 square miles ; British America, 
3,050,398; Mexico, 1,038,834; Central America, 203,551; 
Russian America, 394,00 !>; Danish America, 380,000. Wliat 
i& the ai*ea of North America ? 

41. 66942 + 48 + 7432987 + 463 + 87425 = how many ? 

Aiis. 7587865. 

42. 874259876 + 427 + 895276528 + 4307698742 =? 

43. 92 + 27 + 56 + 99 + 88 + 77 + 66 + 55 + 44 + 
22 + 7 + 33 = ? ^^^ii^. k)(^C:> 

44. $86.94 + $17.06 + $45.64 + $43.26 + $72.18 + 
$9.82=? AX^i^^^/L/Z^O 

45. $69432.87 + $469.84 + $7694.18 + 42693.14 =? 



! 4 SUBTRACTION. 

3«S. Subtraction * is taking a Usz number from a greater tc 
find their difference. 

The greater number is called the minuend ; f the less, whtra^ 
hend ; J the difference, remainder, 

30* Subtraction is the reverse of addition. 

Rule. — 1. Write the less number under the greater^ — un\t$ 
under units, tens under tens, etc, — and draw a line beneath. 
2, Beginning at the right hand, take each jigure of the subt^n- 



* Subtra.:tion, from the Latin subtraho, to draw from uu^ler, '«* tair 
iwa^y to subtract. 
t Afinuendy from the Latin minuendiiSy to be diminished, 
t Snidrahend, from the Latin subtrahetidiu, to be snbtrokcted from 
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Send from the figure above ii and set the remainder under the 



Vne. 



3. If any figure in the eubtrahend i$ greater than the figure 
^ve it, add ten to the upper^ figure and take the lower figure 
from the sum ; set down the remainder and add OTSk'Rto the ^exi 
fi>gure in th^ subtrahend* 

Ex. 1. 

Minuend, 8 4 6 _™8 example is solved by the flr«t 

two sections of the rule and needs no 



Subtrahend, 4 21 
Remainder, 4 2 5 



explanation. 



Ex. 2. ^ ^^ example we cannot take 7 

.-_. Q units from 3 units, but if one of the 

c u"^?^ ' ^ o ^ ^ S tens is put with the 3 units it will 
Subtrahend, 2_57 ^^^^ ^3 ^^^j^^ ^^ 7 ^^j^^ ^^^ ^^^^ 

Remainder, 2 2 6 13 units will leave 6 units. Now as 

one of the 8 tens has been put with the 
8 units, there will remain but 7 tens and we may take the 5 tens 
from 7 tens ; or, following the rtde, we may add one ten to the 5 
tens and take the sum (6 tens) from 8 tens, since the result will 
be 2 tens by either process. 

Ex. 3. Here we cannot take 8 from 2, 

nor can we borrow from the tens' 

Minuend, 6 2 P'^'f'f *** P*^ J* occupied by 

o ,.,',. o Q > but we can borrow one of the 

' 6 hundreds and separate the one 

Remainder, 16 4 hundred \pto 9 tens and 10 units 

then, putting the 9 tens in the 
place of tens and adding the 10 units to the 2 units, we can 
subtract 8 from -12, 3 from 9 and 4 from 5. 

Note. — This process will probably be more readily understood by lh« 
young learner than that given in the rule, though the latter, being thought 
more convenient, is usually adopted. 

37. Proof. — Add the subtrahend and remainder together 
and the sum should be the minuend. 

Note. — This proof rests upon the axiom that the whole of a thing is equa. 
!o the sum of all its jxirts : thus, the minuend is divided into the two parts — 
wttrahend and leuuiinder : hence the sum of those part& m^st be the miMititd 
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Ex. 4. 

Minuend, 6 8 7 4 5 
Subtrahend, 26854 

Remainder, 418 91 

Proof, 6 8 7 4^ 



As the sum of the subtrahend 
and remainder is the minuend, the 
work is prohaUy right. (Art. 34, 
Note 1.) 



Minuend, 
Subtrahend, 

Remainder, 
Proof, 

Min. 
Sub. 

Rem. 
Proof, 



5. 

9875 
265 

9610 

9875 



6. 

582769 
278493 

254276 

532769 



8. 



985643218276942 
2 9 452 782 43 6 7895 



7. 

5784 
3296 



9. 

42706894 
3487963 8 



10. 



11. 

578429694324 
679843000 



Ans. 3607. 



769842004678429 
3046875429846 

12. From 6342 take 2735. 

13. 8394769874 — 2487962893 = how many ? 

Ans. 5906806981. 

14. 8479326948 — 5274679894 = Vi^^>. ^loUt^ iOd^ 
15.2734698254 — 984273205 = ? ^^ 

16. 4000082000 — 827400832 = ? 

17. 5000000000 — 4999999999 = ? 

18. 7069842374 — 7000000000 = ? 
19.876678876 —678876678=? 

20. The minuend in a certain example is 4798 and the sub' 
trahend is 2653 ; what is the remainder ? Cti 1*1* ^, J IjtT 

21. Tlie subtrahend is 576 and the minuend is 987-1 G5t; 
what is the remainder? ^^K/^ ' ^ / 7 V (5 *] f 'V^''- - ' 

22. The minuend is 9009 and the rmainder is 7692;. \ihat 
is the subtrahend? <f ',:•.-» • /J 7 7 * // ( 
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23. Wliat is the difference between 876 and 987487 ? ? ^ ^ 

24. What is the difference between 7690843254 and 222 ?U?.^^'^ 

25. Minuend = 874 ; subtrahend ^ 269 ; remainder = ? * ^ '4-^^ 

26. Minuend = 8746932 ; remainder =999; subtrahend i-r?'^^^'^ 

27. Bemainder=4967; minuend = 879694; subtrahend=?^^y ( ^ 

28. Columbus discovered America A. D. 1492 ; how manj 
jrears have since elapsed ? Qt^utytl . 3 7 ^ff^^^l^ • 

29. The difference between two numbers is 8347 ; the ffreatai 
number is 15306. What is the less ? CiM>A , ^ ,9 ^^J IlA^ 

30. What number is that to whicli if 768 be added flie sum 
will be 987105 ? ft^^i^ # /^ ^ 6 3 J 7 ^li*- >ncnv, 

31. What number is that which, taken nom 687945, leavei 
87.640? ^l^M^ ' L Ofid6^ 

32. From seventy-six millions and thirty-two. take fomte^ > > 
thousand three hundred and seventy-eight. ^2-^^ / /Jj /d '^^ ^ ■'^ ^^ 

33. The sum of two numbers is 5769842 ; Uie greater number 

is 4839842. What is the less ? Ou'^^)» ^ ^0$ 00 H^ --^ ' 

34. The sum of two numbers is 2789 ; the less is 879. What 

is the greater ? C?/M- if I 6 ^/.^*'^''' 

35. The greater of two numbers is 86942 ; the Ip^s is 6894^ . 
What is the difference? c >■■ '1/ iX'^y . <' ^ /-' 

36. A treaty of peace was made with Great Britam in 1788 
and war was again declared in 1812 ; how long did peace con* 
tinue? CilA^, '^ 7/^1 

37. Washington was bom in 1732 and died in 1799 ; at whu 
age did he die ? ut -^''^' t ( / ^ 

38. The number of states in the American Union at the 
adoption of the Federal Constitution was 13 ; the number al 
the present time, (1857,) is expressed by the same figures taken 

in the reverse order. How many states have been admitted io ,- 
the Union since the adoption of the Constitution ? ' i^ l '-li / , ^ 

39. What is the excess of the area of the Middle States over 

ihat of the New England States ? (See Art. 34, Ex. 22.)[lo' • ^ I'J^f 

40. The distance from the earth to the sun is about 95,000,000 
miles ; the distance to the moon is about 240,000. How muql^ , 
farther to the sun than to the moon ? U^v^yi » ^ ^ \ f ^ : ''' 

■ . 2* '' ' 
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18 examples in addition and subtraction. 

38. Examples in Addition and Subtraction. 

1. A bought 113 acres of land of B, 254 acres of C, 74 acres 
of D and 396 acres of E, and afterwards sold 75 acres to F, 20C 
acres to G, gave 150 acres to his oldest son, 100 acres to his 
second son, and retained the remainder. What was the largest 
nu^iber of acres owned by A ? how many acres did he sell F 
how many did he give away ? and how many did he keep ? 

2. How many are 3694 + 78769 — 354 + 876 + 4327 — 
869 — 473 — 63 + 56 — 6 + 87 — 14? 

3. How much less was the population of England in 1851 
than that of the United States in 1850 ? (See Art. 34, Ex. 19 
and 20.) 

4. The estimated expenses of the United States Coast Survey 
for the fiscal year 1852-^, were, for the coast of Me., N. H., 
Mass. and R. I. $36000 ; N. J., Pa. and Del. $7000 ; Md. and 
Va $33000 ; N. C. $25000 ; S. C. and Ga. $23000 ; Ala., Misa 
and La. $25000; and for Texas $21000. Suppose the ex- 
penses for surveying this extensive coast to be the same for the 
four succeeding years, what will be the cost for five years ? how 
much less than the cost of the American army for the five years 
1812-16 ? (Art 34, Ex. 31.) 

5. Methuselah lived 969 years ; how much longer is that than 
from the settlement of Boston in 1630 to the present time ? 

6. Adam lived 930 years ; Seth, 912 ; Enos, 905 ; Cainan, 
910 ; Jared, 962 ; Methuselah, 969 ; Noah, 950. Washington 
died at the age of 67 years ; J. Adams, at 91 ; Jefferson, 84 ; 
Madison, 85 ; Monroe, 72 ; J. Q. Adams, 81 ; Jackson, 78. 
What is the aggregate age of the seven antediluvians men- 
tioned ? the aggregate age of the first seven Presidents of the 
United States ? what the difference of the aggregate age of the 
seven antediluvians and that of the seven Presidents ? 

7. The population of the3e five African cities in 1850 was 
alK)ut as follows, viz. Cairo 240,000, Alexandria 35,000, Tripoli 
25.000, Tunis 150,000 and Algiers (in 1840) 40,000 ; that of 
theso (i\o Asiatic cities, as follows, viz. Pekin 1,750,000, Nankin 
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(in 1851) 800,000, Canton 800,000, Calcutta 1,580,000 and 
Bombay 235,000. What was the total population of the African 
cities, and how mudi greater was that of the Asiatic cities ? 

8. What was the aggregate population of the following sixteen 
European cities in 1852, and what the difference between this 
aggregate and that of the sixteen named cities in the United 
8tates in 1850 ? — yiz. 



Europe. 




United States. 




London, 


2,363,141 


New York, 


515,547 


Paris, (in 1846,) 


1,053,897 


Philadelphia, 


340,045 


Constantinople, 


786,990 


Baltimore, 


169,054 


St. Petersburg, 


478,437 


Boston, 


136,881 


Vienna, 


477,846 


New Orleans, 


116,375 


Berlin, 


441,931 


Cincinnati, 


115,436 


Naples, 


416,475 


Brooklyn, 


96,838 


Liverpool, 


384,265 


St. Louis, 


77,860 


Glasgow, 


867,800 


Albany, 


50,763 


Moscow, 


850,000 


Pittsburgh, 


46,601 


Manchester, 


296,000 


Louisville, 


43,194 


Madrid, 


260,000 


Charleston, 


42,985 


Dublin, 


254,850 


Buffalo, 


42,261 


Lyons, 


249,325 


Providence, 


41,518 


Lisbon, 


241,500 


VV ashington. 


40,001 


Amsterdam, 


222,800 


Newark, 


38,894 



9. The populations of the leading European countries at ^n 
diddle of the nineteenth century were as follows, viz. Greac 
Britain and Ireland 27,332,145, France 35,783,170, Russia 
62,088,000, Austria 36,514,397, Prussia 16,331,187, Spam 
12,232,194, Turkey 12,000,000; what was the total population 
of those liountries, and what the difference between the populur 
tion of each of them and that of the United States ? (See Ait> 
lU, El. 10.) 




20 VULTIPLICATIOK. 

§5. MULTIPLICATION. 

39. Multiplication * is a short method of adding eqwd 
numbers ; i. e. mtdtiplicaiion is a short method of jmding the 
ntm of the repetitions of a number which is repeated as many 
times as there are units in another number. 

The number to be repeated is the midtiplicand ; the number 
showing how many times the multiplicand is to be repeated, is 
the multiplier; the sum or result of the m; vltiplication is the 
product. The multiplicand and multiplier an* called factors.1[ 

Ex. 1. In one bushel are 32 quarts ; how luanj quarts in 6 

bushels ? 

BY ADDITION. BY MULTIPLICATION. Jn six Li'ihcls there aro^ 

3 2 3 2 evidently, G limes as many 

3 2 6 quarts as in 1 bushel, anc 

^ ^ Product. 1*9^ *^® number of quarts in 6 
3 2 bushels luay be obtained 

3 2 by adding, as in the margin ; or, more briefly, 
3 2 by muUiphfing ; thus, 6 timt^i^ 2 units are 12 
c ^ q Q units = 1 ten and 2 units ; Avrite the 2 units 
^^ in units' place, and then say 6 iimes 3 tens are 

18 tens, which, increased by the 1 ten previoushr ."obtained, make 

19 tens = 1 hundred and 9 tens, and these, writUu in the place 
of hundreds and tens respectively, give the true pixxJuct. 

Ex. 2. How many quarts in 46 bushels ? 

OPERATION. First multiply by 6 as tH-Kigh 6 were 

Multiplicand, 3 2 the only figure hi the mulCipHer ; then 

' Multiplier, 4 6 multiply by 4 and set the tiis^ figure of 

T-QTn the product in the place of ^ens ; for 

- ^ ^ multiplying by the 4 ten^ is iSy. same as 

multiplying by 40, and 40 tiraAi 2 units 

Product, 14 7 2 are 80 units = 8 tens ; i. e. the product 

of units by tens is tens, Havii\^, iru?ti' 

plied by each figure in the multiplier, the sum of th\\ yx^rfiid 

* Midtiplicatwrif from the Latin tnultiplico, {muUuSi many, am^ ^'^'^^i ^ 
ftiid,) to fold many times, 
t Factor, from the Latin faao^ to make, to produot. 
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oroducts will be the Irue product. Similar reasoning appliea 
however many figures there may be in the multiplier. 

'to. From these examples we derive the following 

Bttle. — 1. Set the muUipUer under the multiplicand and 
draw a line beneath. 

2. Beginning at the right hand of the multipUeand, multiplff 
(he multiplicand hy each figure in the multiplier ^ setting the first 
fgure of each partial product diredUtg under the figure of the 
WNiltiplier hy which thai product i$ obtained^ ^ 

3, The SUM of these partial products wiU he the true product* 

4L1« Pboof. — It is not material which factor is taken for 
wndtiplier, .-. make each, in tum^ the multiplier^ and the two 

PRODUCTS WILL BE ALIKE. 



Fx 8. Multiply 8642 by 1759. 



Multiplicand, 
Multiplier, 



Product, 



Multiplicand, 
Multiplier, 

6. 

U279548 
42689742 



• OFBKATIOM. 
8642 

1758 

29186 
18210 
25494 
8642 

6402686 

4. 

47869 
85642 

7. 

896542 
869 



pRoor. 

1758 
8642 

3516 
7032 
10 5 4 8 
5274 

6402686 

5. 

78694327 
2789 

8. 

4678932 5 4 
8769 5 47326 9 fi 



9, Multiply 6742 by 967. 

10. Multiply 528764239 by 349. 

11. Multiply 279864327 by 2789. 



Ans. 6519514 
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12. 634278 y 23 = how many? Ans. 145883D4 

13. 98742968 X 2791 =? Ans. 27559162&68H 

14. 4698273 X 1913=? 

15. 5678 X 38769542=? 

16. 12.S456789 X 987654321 =? 
^17 9999999999 x 9999999999=? 
*18. 3333333 x 3333333 = ? 

19 55555555X66666666=? 

20 913465728x271936485=? 

21. 421693578 X 875329416=? 

22. 167757216 X 466578324=? 

23. 44556677889 X 98887766554 = ? 

24. 841784729676 X 576529484441 =? 

25. 248163264128 X 256289324361 =? 

4:3. The rule already given is applicable in all examplei 
that can arise in multiplication, but there are various devices for 
shortening the process in particular cases. 

43. The product of two or more whole numbers greater 
than 1 is called a composite number ; the factors are called the 
component parts; thus, 12 is a composite number, of which 2 
and 6, 3 and 4 or 2, 2 and 3 are component parts or factors. 

4:4:. When the multiplier is a composite number, multiply 
the multiplicand by one of the factors of the multiplier and that 
product by another factor, and so on until all the factors hav% 
been taken ; the last product will be the true product. 

Ex. 26. Multiply 37 by 35. 

OPERATION. 

85 = 5 X 7. 

MultipHcand, 3 7 jt i, ^^idant that ! 

1st Factor of Multipher, 5 ti^es 5 iimes a numbtsi 

18 5 are 35 times that number 

2d Factor of Multiplier, 7 

Product, 12 9 5 



MULl IPLICATIOH. 



Ex. 27. Multiply 298 by 125. 

Multiplicand, 2 9 3 
1st Factor, 5 

1465 
2d Factor, 5 

7325 
8d Factor, 5 

Product, 3 6 6 2 5 



The first method is (reiuentlv 
preferable to this, even whan ti 
multiplier is composite. 



28. Multiply 743 by 42, L e. by 7 and & 

29. Multiply 3467 by 56. 

30. .839 X 54 = how many ? 

31. 7869 X 72 = ? 

32. 469876 X 81 =? 

33. 478969 X 1728=? 

34. 5387469 X 96=? 

35. 987462 X 49 = ? 



Ans. 31206 



4:S« A number is multiplied by 10 by annexing to it, tbr, 
by so doing, each figure of the multiplicand is removed one place 
towards the left, and thus its value is made tenfold (Art 16). 
For a like reason a number is multiplied by 100, 1000, etc, by 
annexing as many ciphers to the multiplicand as there are 
ciphers in the multiplier. 



Ex. 36. Multiply 74 by 10. 

87. Multiply 869 by 10000. 

88. Multiply 4698 by 1000. 

89. 76984 X 100000 = ? 

40. 69874 X 1000000000 = ? 



Ans. 740. 
Ans. 8690000. 

Ans. 7698400000. 



4©. To multiply by 20, 50, 500, 25000, or any similar 
number, rrndtiply hy the significant figures and to the product 
annex as many ciphers as there are ciphers at the right oj the 
significant figures of the multiplier. 



24 HULTIPLlCATIOK. 

Ex. 41. Multiplj 756 by 30. 

OFBBATION. rpj^ ^ ^^^ ^^ prfDCiplc of Alt. 44. ThC 

7 5 6 component parts of 80 are 3 and 10. Having 

^ Q multiplied by 3, the product is multiplied by 
2 2 6 8 10 by annexing (Art. 45). 

42. Multiply 743 by 3500. 

743 

7 

A^ 2 1 '^^ component parts of 3500 are 

^QQ 7, 5 and 100. 

Product, 2 6 5 

43. Multiply 84693 by 480000. Ans. 40652640000. 

44. 8769432 x 7200000=? 

45. 94684235 X 49000000 = ? 

4:7. Not only may the muUipUer be factored, but, upon the 
9ame principle, the component parts of the mtdtiplicand may be 
taken separately. This is convenient when thsre are ciphers at 
the right of the multiplicand. 

Ex. 46. Multiply 8000 by 900. 

8 The factors of 8000 are 8 and 

900 . 1000, and those of 900 are 9 and 

Product, 7 2 ^^^' ^® multiply the significant 

figures of the two numbers together 
and to the product annex as many ciphers as there are ciphera 
at the right of the multiplicand and multiplier counted together. 

47 Multiply 730000 by 2900. 

OPEKATION. 

730000 
2900 



657 
146 



Product,21 17000000 



MULTIPLICATION. 

48. Multiply 8,400 hj 2,700,000. Ans. 22,680,000,000. 

49. 7.693,000 X 569,000=? 

50. 8.769,432,000 X 48,700 = ? 

48. Ciphers between the significant figures of the multiplier 
may be neglected, taking care to set the first figure of each par- 
tin) product directly under the figure of the multiplier which 
r'^ ts tbat product 

^. 51. Multiply 5,723 by 2,004. 

^ This is •nly carrying out the 

opEKATioit. principle (in addition) of setting 

5,7 2 3 units under units, tens under tens, 

2,0 4 etc. The 2 of the multiplier is 

22892 2^^^» ^^ 2000 times 3 are 6000, 

11 A A a •*• the 6 of the partial product 

should be written in the thousands' 

. Product, 1 1,4 6 8,8 9 2 place, i. e. directly under the 2 of 

the multiplier. 

52. Multiply 3724 by 4008. Ans. 14925792. 

53. 698427 X 420006 = ? 

54. 58067082 X 3923007 = ? 

55. 7800076900 X 200804000=? 

56. What cost 11 pounds of beef at 14 cents per pound ? 

Explanation. — 11 pounds will cost 11 times as many cents 
« 1 pound, .*., since 1 pound costs 14 cents, 11 pounds will cost 
XI times 14 cents = 154 cents = $1.54, Ans. 

57. What cost 98 tons of hay at $15 per ton? Ans. $1470. 

58. In one hogshead of wine are 63 gallons ; how many gal- 
lons in 75 hogsheads ? 

59. In a certain house are 75 rooms, in each room 4 windows, 
in each window 12 panes of glass and in each pane 120 square 
icches ; how many square inches of glass in the house ? 

60. The earth, in its annual revolution, moves 19 mile'^t per 
second $ how far will it move in 1 week — there being 7 dayi 

3 
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in 1 week, 24 hours ^in 1 day, 60 minutes in 1 hour and 6(1 
seconds in 1 minute? Ans. 11491200 miles. 

61. What is the value of 879 acres of land at $153 per acre ? 

62. Two men start ficom the same place and travel in the 
same direction ; one travels 56 miles and the other 75 miles per 
day ; how far apart will they be at the end of 43 days ? 

63. Had the men named in Ex. 62 traveled in opposite 
directions, how far apart would they have been in 56 days? 

64. How many yards of cloth in 43 bales, each bale contain- 
ing 53 pieces and each piece 34 yards ? ^/H4 it lij*0 (r^ 

65. What is the value of the cloth kientioned in Ex. 64, at 
$3 per yard ? Ans. $232458. 

66. 53 men can do a piece of work in 72 days ; in how many 
days can 1 man do 25 times as much work ? 

67. What is the value of 36 cords of wood at $6 per cord, 
752 barrels of flour at $12 per barrel, 1000 bushels of potatoes 
at $1 per bushel, 10 oxen at $73 per ox and 5 horses at $125 
per horse ? 

68. If 1 man earn $11 in 1 week, how many dollars will 17 
men earn in 52 weeks ? 

69. The submarine telegraph cable, now preparing (May, 
18-57) to connect Europe and America, is composed of 7 copper 
wiree, imbedded in gutta percha, surrounded by 18 bundles of 
iron i^ire, each bundle composed of 7 wires ; how many wires 
are th^Te in the cable ? Ans. 133. 



S6. DIVISION- 



49. DrvisiON is the process of finding how many times one 
number is contained in another. 

The number to he divided is caUed the dividtnd; the numbet 
bf which to divide, the divisor ; the result^ tne quotient ; ij any 
thing is left qfter dividing, the remaiftder. 
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•SO* The remainder is always of the same hind as the cUvi' 
iend ; e. g. if the dividend is miles the remainder is miles ; if 
the dividend i8 dollars the remainder is doUars : et^^. 

Ex. 1. Divide 1384 hj 4. 

OPERATION. Having written the divisor and 

4)1384(346 dividend as in the margin, we first 
1 2 inquire how many times 4 is contained 

7 g in 13, (the fewest figures at the left 

I g of the dividend that will contain the 

— divisor,) and find the quotient to be 

2 4 S, which we set at the right of tlie 

24 dividend. We then multiply the di- 

Q visor by the quotient, 3, and set the 

product, 12, under the 13 of the divi- 
dend and subtract it therefrom. To the renudnder, 1, we annex 
8, the next figure of the dividend, and then inquire how many 
times the divisor is contained in 18, the second partial dividend; 
the result, 4, we set as the second figure of the quotient and then 
multiply, subtract, annex, etc as before, until idl the figures of 
the dividend have been taken. 



•SI. Since the 13 of the dividend is hundreds, the 3 of the 
quotient is ako hundreds ; since the 18 is tens, the 4 is also 
tens ; and, universally, any quotient figure is of the same order 
05 the right-hand figure of the dividend taken to obtain thai 
quotient figure^ 

Slfi. The operation ipiy be much shortened by carrying the 
ftrocess in the mind, instead of writing it ; thus, having written 

the divisor and dividend 
Divisor, 4 ) 1384 Dividend. as before, say 4 in 13, 8 

Quotient, 3 4 6 times and 1 remainder ; 

set the quotient, 3, under 
iJie 8 of the dividend, and then, imagining the remainder, 1, set 
before the 8, say 4 in 18, 4 times and 2 remainder ; set down 
the 4 as the second figure of the quotient and imagine the 2 set 
before the next figure, and so proceed. 
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•S3. The operation in Art 50 is called Long Division ; that 
in Art 52 is Short Dimston, which may be performed by the 
following 

Rule. — Divide the left-hand figure or figures of the divi 
dend, (the fewest figures in the dividend that will contain th$ 
divisor,) and set the quotient under the right-hand figure consid' 
ered in the dividend ; if anything remains, prefix it mentally 
(p the next figure in the dividend and divide the number thus 
formed 'as before, and so proceed till aU the figures of the divi' 
iend have been employed, 

Ex. 2. Divide 2776 by 8. 

OPERATION. 

Divisor, 8 ) 2776 Dividend. 
Quotient, 8 47 

Fx. 8. Divide 2781 by 8. 

OPERATION. 

Divisor, 8) 2781 Dividend. 

Quotient, 3 4 7 ... 5 Remainder. 

4. Divide 3283 by 7. Ans. Quo. 469. 

5. Divide 4050 by 7. Ans- Quo. 578, Rem. 4 

6. Divide 476589 by 9. O^a^. juo. ^ili^j >< - ^ ' 

7. 987654 -i- 12 ==? Ana. Quo. 82304, Rem. 6. 

8. 59684 -^. 4 = ? ^uo . >'' ^'^* /^9Z / 

9. 87695425-^5=? O^a^^, /.(cc>/ /^^3 V^ .' c: 

10. 7869468923 -j. 11 =?CltU^, .lub.7/^ ^i>LH'/'^^''^ 

S4t» When the divisor is large, it is not convenient to canj 
the process in the mind, but the work may be performed, in lomg 
division, by the foUowing 

Rule. — 1. Write the divisor and dividend as in short divi^ 
nan and draw a curved line at the right of the dividend. 

2. Divide the smallest number of figures in the left of lAf 
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Hvidend that will contain the divisor and $et the retuU at the 
first figure of the quotient at the right of the dividend. 

3. Multiply the divisor hy the quotient figure and set the 
product under that part of the dividend taken. 

4. Subtract the product from the figures over it and to the 
remainder annex the next figure of the dividend for a new 
partial dividend. 

5. Divide and proceed as before until the whole dividend hht 
been dioided. 

Note 1. — It will be seen that the process of diyiding consists of fovr 
distinct steps, viz., first, to seek a qnotientfigure ; second, multiply ; third, 
rabtract ; and, fourth, form a new partial 'dividend by annexing tlio next 

figure of the dividend to the remainder. 

« 

Note 2. — If any partial dividend will not contain the divisor, must 
be placed in the quotient and another figure annexed to the dividend. 

Note 3. — If the product of the quotient fig^ure multiplied by the divisor 
is greater than the partial dividend, the quotient figure is too large and 
must be diminished. ' 

Note 4. — If the remainder equals or exceeds the divisor, the quotient 
is too small and must be increased. 

•SS. Division is the reverse of multiplication. In multipli- 
cation the two factors are given, and the product is required ; in 
division the product and one factor are given, and the other 
factor is required. The dividend is the product, and the divisor 
and quotient are the factors. Hence the 

Pboof. — MuUipJy the divisor by the quotient and to the 
product add the remainder ; ike sum should be the dividend. 



Ex. 11. Divide ^418 by 68. 




opebation. 


PBOOF. 


68)3 413(54 


6 3 Divisor. 


815 


5 4 Quotient. 


268 


252 


252 


315 


11 


1 1 Remainder, 



8 413 Dividend. 
8* 
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12. Divide 78946287 bj 3498. 

Ans. Quo. 22568, Rem. 3423 

13. Divide 1764842 by 347. 

14. 896842 -i- 547 =? Ans. Quo. 1639, Eem. 309. 

15. 569432-1-45=?' 

16. 98647324-1-4893=? 

17. 698742346525 ^ 6995 = ? 

ff6. When the divisor is a composite number, the work maj 
c/^n be abridged by dividing first by one factor of the divisor, 
and the quotient thus obtained by another, and so on till all the 
fiustors have been used ; the last quotient is the quotient sought. 

Ex. 18. Divide 1855 by 35. 

OPERATION. This Operation u 

85 = 7 X 6. evidently correct, 

for one fifth of one 
1st Factor, 7)1855 Dividend. seventh of any 

2d Factor, 5 )265 1st Quotient number is the same 

— -- rr^ r\ ' ** ^^® thirty-fifth 

5 3 True Quotient. ^f that number. 

19. Divide 1551 by 33. Anp 47. 

20. Divide 31794 by 42. 

21. Divide 47936 by 56. 

22. Divide 24840 by 72. 

23. Divide 7665 by 105. 

OPERATION. 

105 = 3 X 5 X 7. 
3) 7665 

5) 2555 

7)511 

Quotient, 73 

(a) Sometimes a composite number is made up of different 
gets of &ctors, as in Ex. 24. When this is the case, it is imin» 
teria] which set is taken. 
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24. Divide 22320 by 240. 
240 = 8X6x5 = 4Xl2x5 = 4X6xl0 = ete. 

FIRST OPERATION. SECOND OPERATION 



8) 22320 

6) 2790 

5)465 

Quotient, 9 3 

25. Divide 187236 by 252. 

26. Divide 1255872 by 192. 



4)2 2320 

12) 5580 

5)465 

93 



Ans. 748. 



SS7m Should the learner find a difficulty in determining the 
remainder, he has but to remember that it is always of the same 
kind as the dividend (ArL 50). 



27. Divide 86 by 21. 

OPERATION. 

7)_8^ 

3)J_2...2 Rem. 
Quotient, 4 

28. Divide 92 by 28. 

OPERATION. 
4)9^ 

7)23 
Quotient, 3... 2 Rem. 

29 Divide 527 by 42. 

OPERATION. 



In this example, as 86 is the 
true dividend, 2 is the true 
mainder. 



In this example, as 23 is only 
one fourth of the true dividend, 
so the remainder, 2, is only ono 
fourth of the true remainder, .% 
2X4 = 8, true remainder. 



By the explanations of the 
last two examples, we see that 5 
is one part of the true remainder, 
and that 3, the second remainder, 
multiplied by 6, the first divisor, 
is the other part ; i. e. 5 -[- 3 X 6 
s= 23 = true remainder. The same species of reasoning applies 
when there are more than two divisors. Hence. 



6)527 
7)87... 5 Rem. 
Quotient, 1 2 ... 3 Rem. 
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m 

To cl)tain the true remainder when division is performed 
by using the component parts of the divisor, 

Rule 1. — MvUiply each remainder except that leji by the 
first division, by the continued product of the divisors preceding 
that which gave the remainders severally^ and the sum of thf 
products together with the remainder left by the first divimin 
tnU be the true remainder, 

30. Divide 15956 by 280. 

OPERATION. TRUE REMAINDER. 

280 = 7 X 5 X 8. 3 = 1st Rem. 

7)15956 4x7=28 = 1st Prod. 

5)T2"79...3 Rem. 7x^x7 = 2_45 = 2d Prod. 

8 ) 4^...4 Rem. 2 7 6 = True Rem. 

Quo. 5 6 ... 7 Rem, 

Rule 2. — Multiply the last remainder by the divisor pre- 
ceding that which gave the last remainder and to the product add 
the preceding remainder; multiply this sum by the preceding 
divisor and add the preceding renuiinder, and so proceed until 
the first remainder is added ; the sum so obtained will be the 
true remainder. 

Should any remainder be 0, then is to be added. 

Application op this Rule to Ex. 30. 7x5-}-^=^ 

89 ; 39 X 7 4- 8 = 276, true remainder, as by Rule 1. 

81. Divide 5273 by 42. 

42 = 2 X 8 X 7. Ans. 125 and 23 Rem. 

82. Divide 46987 by 504, using the factors of the divisor. 

Ans. 93 and 115 Rem. 

83. Divide 78925 by 105. 

84. 437298 -^ 154 = ? Ans. 2839 and 92 Rem, 

85. 216349 4-315=? 

86. 2411 -1-385=? 

87. 36067-1.4199=? 
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•S8. To divide by 10, cut off, by a point, one figure from the 
right of the dividend ; the figures at the lefl of the ^int are 
the quotient, and that at the right is the remainder. 

The reason is obvious ^y taking away the right-hand figure, 
each of the other figux^es is brought one place nearer tc units, 
«nd its value is only one tenth as great as before (Art 16), 
•. tlie whole is divided by 10. 

38. Divide 756 by 10. Ans. 75.6, i. e. 75 Quo. and 6 Remu 
89. Divide 402763 by lO./^^it^^, ^ ^'Z / t> "" ^ 

(a) For like reasons we cut off two figures to divide by 10(\ 
three to divide by 1000, and, generally,* we cut olt as many 
figures from the right of the dividend as there arc ciphers in 
the divisor. 

40. Divide 76943 by 100. Ans. 769 and 43 Rein. 

41. Divide 98765423 by 100000. 

Ans. 987 and 65493 Rem^ ^ 

42. Divide 3078654321 by lOOOOOpOO. 0^,v.U. 3 W 1 'Vc 

(b) To divide by 20, 50, 700, 56000, or any similar number, 
cut off as many figures from the right of the dividend as there 
are ciphers at the right of the significant figures of the divisor, 
and then divide the remaining figures of the dividend by the 
significant figures of the divisor. This is on the principle of 
dividing by the component parts of the divisor, .*. the true 
remainder will be found by the rules in Art. 57. 

43 Divide 74689 by 8000. Ans. 9 and 2689 R^m. 

OPERATION. We divide by 1000 by cutting 

' 8 ) 7 4.6 8 9 off 689, which gives 74 for a 

/-. .. ^ "T; n "D quotient and 689 for a remain- 

Quotient, 9 ... 2 Rem. H^^ ^^^^ ^_^^ ^^ ^^ ^ ^^ 

villain the quotient, 9, and remainder, 2. This remainder, 2, is 
2000, which, increased by 689, gives 2689 for the true remain- 
der (Art. 57, Rule 2). 

* Generalijfft in mathematics, means untversalty. 
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44. Divide 674^5 by 24^)0. CiA^^^ "^ 

45. Divide 74G89 by 4200. Ans. 17 and 3289 Rent 

46. Divide 276987 by 3300. 

47. 769842 -^ 45000 = ? Ans. 17 and 4842 Rem. 

48. 9999999 V 33300 = ? 

49. 80407080 -i- 40000 = ? 
60 987654321 -^ 90900 =? 
61. 9876543210 -i- 909000 =? 

52. 123456789 H- 90900 =? 

53. A certain product is 1728, and one of the factors is IS | 
wliat is the other factor ? Ans. 144. 

54. How many times is 157 contained in 74732 ? 

55. By what must 316128 be divided to give 356 for a quo- 
tient? 

56. By what must 87 be multiplied to produce 83868 ? 

57. If 1357901 be a dividend and 87 the divisor, what is the 
quotient? remainder? 

58. Dividend = 6789468 ; quotient = 1234 ; divisor = ? 

59. A dividend is 6481, the quotient is 72 and the remainder 
is 73 ; what is the divisor ? 

60. Dividend = 98765 ; divisor = 17 ; remainder = ? 

61. The product of three numbers is 16777216, and the pro- 
duct of two of them is 131072 ; what is the other number ? 

62. 248832 = 144 X ? 

S9. The value of a quotient depends upon the relative val- 
ues of the divisor and dividend and not upon their absolute 
values^ as will be seen by the following propositions. 

(a) If the divisor remains unaltered, multiplying the dividend 

by any number is, in effect, multiplying the quotient by the eame 

number ; thus, 

15-^3= 5 
_4 _4 

60-1-3 = 20; 
L e. multiplying the dividend by 4 multiplied the quoti^.n> oy 4 
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NHS. 



87 



(b) Dividing the dividend by any numbk^ 
(uotient by the same number ; thus, v , 

24-^2 = 12 \ I 

3 ) 2J , ^ . $ 

8-^2= 4=12-^8; ^ 

e. dividing the dividend by 3 divides the quotient by 8. 

(e) Multiplying the divisor divides the quotient ; thua. 

30-1-2 = 15 
3 

30-^6= 5=^15-^3; 
.. e. multiplying the divisor by 3 divides the quotient by 8. 

(d) Dividing the divisor multiplies the quotient ; thus, 

40-^10= 4 
6)10 

40-^ 2 = 20 = 4 X 5; 
i. e. dividing the divisor by 5 multiplies the quotient by 5. 

(e) Corollary * to (a) and (b). — The greater the divi- 
dend the greater the quotient, and the reverse. 

(f) Corollary TO (c) and (d). — The greater the divisor 
the less the quotient, and the reverse. 

GO. If a number be multiplied by any number, and the 
product be divided by the multiplier, the quotient will be the 
multiplicand ; thus, 

8 X 7 = 56, and 56 -i- 7 = 8, the multiplicand. 

Corollary. — Since multiplying the dividend multiplies the 
quotient (59, a), and multiplying the divisor divides the quctient 
(59, c), .*. multiplying both dividend and divisor hf the sami 
mnmlier does not affect the qtcotient ; thus, 

12-^-3 = 4 

-^ 2 

2 4-7-6 = 4, Quotient unchanged. 




A cwollary is nn inference from precedinjp^ reasoning. 
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44. Divide 67^ 

45. Divide 

46. Divide 

47. 769j 
48. 



I 






number, aiid the quotient 
luct will be the dividend ; 



y 



5, the dividend. 

dividend divides the quo- 
r multiplies the quotient 
divisor hy the same nvm- 



4-1- 2 = 2, Quotient unchanged. 



§7. COMPOUND NUMBERS. 

G3« Numbers are either Simple or Compound. 

G3« A Simple Number consists of but one kind or def¥)mi' 
nation; thus, 3, 15, 8 books, 4 men, 7 apples, etc are simple 
numbers. 

Note. — All operations in the preceding pages are npon simple numbeit. 

G4« A Compound Number is composed of two or more de- 
nominations ; thus, 4 days and 7 hours ; d bushels, 2 pecks and 

5 quarts ; etc., are compound numbers. 

Note. — The several parts of a compound number, though of differerU 
denominations, are yet of the same general nature ; thus, 2 weeks. 3 days and 

6 hours are similar quantities and constitute a compound number; but S 
weeks, 3 miles and 6 quarts are unlike in their nature and do viyt 
tonstitute a compound number, 

OtS. The first division of each of the following tables should 
DOW be THOROUGH LT committed to memory. 
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ee. FEDERAL MONEY. 








10 Mills (m.) make 1 Cent, 


marked 


C 




10 Cents 


" 1 Dime, 


u 




d. 




10 Dimes 


" 1 Dollar, 


u 




$ 




10 DoUars 


<" 1 Eagle, 


u 




e. 






« 


Cents. 




BfilU 


• 




Dimes. 


1 


zz 


10 




Dollars. 


1 = 


10 


^z 


100 


R««le 


1 


— 10 — 


100 


..^ 


1000 


1 


= 10 


= 100 = 


1000 




10000 



NoTB 1 . — Federal Money is the National Cnrrency of the United States. 

Note 2. — The terms, eagle and dime, are seldom used in compatation ; 
eagles and dollars being read collectively and called dollars, and dimes and 
c^its being called cents ; thus, 3 eagles and 5 dollars are called $35, and A 
dimes and 3 cents are called 43 cents. 



67. ENGLISH 


MONEY. 


4 Farthings (qr.) 
12 Pence 
20 Shillings 


make 

u 
a 


y 1 Penny, d. 
1 Shilling, 6. 
1 Pound, £. 


8. 




d. qr. 
1 = 4 


£ 1 


— 


12 — 48 


1 = 20 




240 — 960 



VoTB. — English Money is the National CuiTency of Great BritMn. 



TROY WEIGHT. 

make 1 Pennyweight, dwt. 

" 1 Ounce, oz. 

** 1 Pound, lb. 



24 Grains (gr.) 
20 Pennyweights 
12 Ounces 



lb. 
1 



oz 

1 

12 



dwt. 
1 

20 
240 



24 

480 
5760 



NoTB — Troy weight is used in weighing goU silver and praduiw 
stones. 

4 



i 



M 
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69. APOTHECARIES' WEIGHT. 





20 Grains (gr.) 


make 


1 Scruple, 


d 






3 Scruples 


u 


1 Dram, 


3 






8 Drams 


u 


1 Ounce, 


s 






12 Ounces 


u 


1 Pound, 

8C. 


lb. 


gT' 






dr. 


1 


^.^ 


20 




oz. 


1 


= 3 


^_ 


60 


h. 


I ^^B 


8 


= 24 


__^ 


480 


1 


— 12 — 


96 


= 288 


^_^^ 


5760 



Note ]. -^ Medicines are mixed or coinpounded bj this weight, but are 
wnally N)'"isht and sold by Avoirdupois weight. 

NoTV 9 — The pound, ounce and grain in Apothecaries' and Troy weight 
■re eqa'J, ' at the ounce is differently subdivided. 



10. AVOIRDUPOIS WEIGHT. 



t 
1 



'\6 Drams (dr.) 
^.6 Ounces 
<5 Pounds 
4 Quarters 
20 Hundred Weight 



make 



u 
u 
u 



1 Ounce, oz. 

1 Pound, lb. 

1 Quarter, qr. 

1 Hundred Weight, cwt. 
1 Ton, t 



cwt. 

1 

20 



qr. 
1 

4 
80 



lb. 

1 

25 

100 
2000 



oz. 

1 

16 

400 

1600 

32000 



dr. 

16 

256 

6400 

25600 

512000 



NovB 1. — The coarser articles of merchandise, such as hay, cotton, te% 
ingar, copper, iron, etc., are weighed by Avoirdupois weight. 

Note 2. — It was the custom, formerly, to consider 28 lbs. a quarter, 
112 lbs. a cwt., and 2240 lbs. a ton; but now the usual practice is ic 
accordance with the table. 

These different tons are distinguished as the long or gross ton = 2240 Hj^.. 
and the short or net ton = 2000 lbs. 

Note 3. — A pound in Avoirdupois weight is equal to 70U0 grama in 
Apotliecaries' oi Troy weight. 
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71. CLOTH MEASURE. 

2J* Inches (in.) make 1 Nail, na. 

4 Nails " 1 Quarteis qr. 

4 Quarters ** 1 Yard, yd. 

lUL in. 

qr. 1 z= 2i 

jd. 1=4=9 

1 = 4 = 16 = 86 

Note. — Cloths of every descrintioD, ribbons, braids, etc. are mea^iLn/a 
\yj this measure. 



79. LONG MEASURE. 

3 Barleycorns (b. c.) make 1 Inch, in. 

12 Inches " 1 Foot, ft 

3 Feet " 1 Yard, yd. 

5 J Yards or 16^ Feet, " 1 Rod, rd 

40 Rods " 1 Furlong, fur. 

8 Furlongs " 1 Mile, m. 

3 Miles •* 1 League, 1. 

69^ Statute Miles, nearly, ■* 1 Degree on Circ of the Earth, 1* 

360 Degrees " 1 Circumference, circ 

in. b. c. 

ft. 1=3 

yd. 1 = 12 = 36 

m. 1 = 3 = 86 = 108 

far. 1=5^= 16^ = 198 = 594 

m. 1 = 40 = 220 = 660 = 7920 = 23760 

1 = 8 =820 =1760 =5280 =63360 =190080 

Note. — This measure is used in measiMng distances, i. e. where length 
is required without regard to breadth or thickness. 

^ Expressions like i, |, etc. are called fractions. \ s= one fourth ; } = 
Ctro thirds ; 2^ = two and one-fourth. The principles of fractions will bt 
lifcnssed in 44 10 and IL 



/ 



40 
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73. CHAIN MEASURE. 



7^0% Inches (in.) 


Tni^lrA 


1 Link, 


# 




li 


25 Links 






u 


1 Rod, Perch oi 


Pole, 


rd 


4 Rods 






u 


1 Chain, 






ch. 


10 Chains 






u 


1 Furlong, 


1 




fur 


8 Furlongs 






a 


1 Mile, 






m. 










rd. 


U. 
1 


= 


in. 
7M 






ch. 




1 = 


25 


_ 


198 


fkr. 




1 


5^2 


4 = 


100 




792 


B. 1 


JJ3I2 


10 




40 — 


1000 




7920 


1 = 8 


— 


80 




820 = 


8000 




63360 



KoTB. — This measure is used by engineers ip measurini!^ roads, canali 
etc ; also bj surveyors in measuring the boundaries of fields. 



74. SQUARE MEASURE. 



144 Square Inches (sq. in.) 


make 


9 Square Feet 


u 


30 J Square Yards or ) 
272| Square Feet ) 


u 




. 40 Square Rods 


u 


4 Roods 


u 


640 Acres 


u 



' (a) Also, in Chain Measure, 

lOOOO Square Links or ) , 

16 Square Rods f "^^® 

10 Square Chains " 



1 Square Foot, sq. ft 

1 Square Yard, sq. yd. 

1 Square Rod, sq. rd. 

1 Rood, r. 

1 Acre, a. 

1 Square Mile, sq. m 

1 Square Chain, sq. ch 

1 Acre, a. 



a. 

tT m 1= 

1^640: 



r. 

1: 

4: 

:2560: 



sq. yd. 
sq. rd. 1= 
1= 30i: 
40= 1210: 

160= 4840: 
:102400=3097600: 



sq. tt. 


sq. m. 


1— 


144 


9— 


1296 


272i— 


39204 


10890— 


1568160 


43560— 


6272640 



:27878400=40 1 4489 600 



Note 1. — This measure is used in measuring surfaces. 

NoTK 2. — In meaHuring hind, surveyors use a 4-rod (shain composed pf 
100 linkfc SonietinieH the half-chain of .50 links is used. 
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11 


12 


13 


14 


15 


6 


7 


8 


9 


10 


1 


2 


3 


4 


5 



B 



7«S« The manner of determining the area of a surface like the 
marginal figure, maj be understood from the following expla- 
nation. Let AB repre- 
^ sent (on a reduced scale; 

a line 5 inches in length : 

g h then, evidently, if we pasr 

from A to e, a distance of 

e t 1 inch, and draw the Iin« 

e f, the figure A B f e will 
contain 5 square inches, 
i.e. 5 X 1 square inches. 
In like manner A B h g will contain 10, or 5 X 2 square im^hes ; 
and A B C D will contain 15, or 5 X 3 square inches ; i. e. we 
multiply the numbers expressing the length and breadth tosrether, 
and the product will be the number of square inches in the 
surface. 

(a) Likewise, the area divided by the length will give the 
breadth, and the area divided by the breadth will give the length , 
ihusy 15 -I- 5 = 3, Mid 15 ^ 3 = 5. 

7«. SOLID OR CUBIC MEASURE. 

1 Cubic Foot, cu. ft 

1 Cubic Yard, c yd, 

1 Ton of Timber, t 

1 Cord Foot, c. ft. 

1 Cord, 0. 

c. in. 
r 1728 

= 46656 

Note — This table is used in measuring things which hare length, 
breadth and thickness. 



1728 Cubic Inches (c in.) 


make 


27 Cubic Feet 


u 


40 Cubic Feet 


u 


16 Cubic Feet 


u 


" 8 Cord Feet or ) 
128 Cubic Feet ) 


u 






en. ft. 


c. yd. 


1 


1 = 


27 



77. To determine the contents of a body in the form of 

the following figure, first find the area of the upoer surface 

4* 



42 
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A B C D, as in Art. 75 ; then going, from A, B and C down- 
nrard 1 inch to a, b and c, and passing a plane through a, b and 
C we shall cut off 15 solid inches, i. e. 5 X 3 X ^ solid inches 

D C 



a 

d 

£ 




F 



So Tt a |)Iane be passed through d, e and f, it will cut off 30, oi 
5 X <y X 2 inches, etc ; L e. the continued product of the 
numbers expressing the length, breadth and depth, will give the 
Eolid contents. 

(a) So, also, the solid contents divided by the area of the to^ 
Sace will give the depth. 
What are the solid contents of the above figure ? 



7§. LIQUID MEASURE. 



4 Gills (gi.) 
2 Pints 
4 Quarts 



make 



qt. 
gaL 1 = 

1 = 4 = 



1 Pint, pt. 

1 Quart, qt. 

I Gallon, gsiL 

pt. gL 

1 = 4 
2=8 

8 = 32 



NoTB I.*- This table is used m measiirin|i; all liquids. The gallon If 
the taait 
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NoTB 2. — A gallon of oil, vinegar, dder, wine, brandy aod other 
ipirits, contains 231 cubic inches. 

Note 3. — A gallon of milk, or of beer or other malt liqaors, oontain« 
182 cubic inches. 

Note 4. — Vessels of yarious capacities from 50 to 150 or more galloni. 
we indiscriminatelj called hogsheads, pipes, butts, tuns, etc 

79. DBY MEASURE. 

2 Pints (pt) make 1 Quart, qt 

8 Quarto « 1 Peck, pk. 

4 Pecks ^ 1 Bushel, bash. 

qt pt. 

pk. 1=2 

bush. 1 = 8 = 16 

1 = 4 = 82 = 64 

Note 1. — This table is used in measuring grain, fruit, potatoes, char- 
eoal, etc. 
Note 2. — A bushel is equal to 2150} cubic inches, nearly. 

§0. TIME. 

60 Seconds (sec) make 1 Minute, m. 

60 Minutes « 1 Hour, h. 

24 Hours " 1 Day, d. 

7 Days « 1 Week, wL 

4 Weeks " 1 Lunar Month, 1. m. 

13 Months, 1 Day and 6 Hours " 1 Julian Year, J.yr. 

12 Calendar Months (= 365 or 366 Days), 1 Civil Year, c yr. 

m. sec. 

h. 1 = 60 

d. 1 = 60 = 3600 

wk. 1 = 24 = 1440 = 86400 

l.m. 1 = 7 = 168 = 10080= 604800 

J.yr. 1 = 4 = 28 = 672 = 40320 = 2419200 

1 = 13r^ = 52^ = 365i = 8766 = 525960 = 31557600 

(a) The twelve calendar months have the following number 
of days : January (Jan.) has 31 days ; February (Feb.), 28 ; 
March (Mar.), 31 ; April (Apr.), 30 ; May, 31 ; June, 30 ; 
July, 31 ; August (Aug.), 31 ; September (Sept.), 30 ; October 
(Oct.), 31 ; November (Nov.), 30 ; December (Dec), 81. 

Note. — In leap year February has 29 days. 



COMPO^JNt) NUMBBRB. 



The number of days in each month may be easily remem 
M!ivd by committing the following lines : — 



it 



Thirty days hath September, 
April, June and November ; 
All the rest have thirty-one, 
Save the second month alone. 
Which has just eight and a score 
Till leap year gives it one more. 



tf 



§1. CIRCULAR AND ASTRONOMICAL MEASURE. 



60 Seconds 


(60") 


make 


1 Minute, 


r 


60 Minutes 


• 


u 


1 Degree, 


i» 


30 Degrees 




u 


1 Sign, 


8. 


12 Signs 




u 


I Circumference, 

r — 


circ. 

60- 


8. 




!• 


— 60 — 


3600 


drc I 




30 


— 1800 — 


108000 


1 — 12 


= 


360 


= 21600 = 


1296000 



Note. — This table is much used in trigonometrical and astronomical 
ralcnlations. 

83. MISCELLANEOUS TABLE. 



1 2 Single Thin 58 


make 


1 Dozen. 


12 Dozen 


u 


1 Gross. 


12 Gross 


u 


1 Great Gross. 


20 Single Things 


u 


1 Score. 


112 Pounds 


u 


1 Quintal of Fish.- 


196 Pounds 


u 


1 Barrel of Flour. 


200 Pounds 


u 


1 Barrel of Beef or .Pork. 


24 Sheets 


u 


1 Quire of Paper. 


20 Quires 


u 


1 Ream. 



Note. — This tahle may be extended indefinitely. 

83* A sheet folded in 2 leaves is called a folio. 

" " « " 4 " " « a quarto or 4to. 
" " « a 3 « « u an octavo or 8vo. 
u a « a 12 « « « a duodecimo or l2mo 
u a ""IS^^^'an 18mo. 
u u «a24«*«"a 24mo. 



;. REDUCTION. 4t 

§ 8. REDUCTION. 

84. Reduction is changing numbers of one denominatior 
k. those of another, withotU changing their value.* 

It is of two kinds, viz., Reduction Descending and Reduction 
Ascendin '. 

89« Reduction Descending consists in changing numbers 
from a higher to a lower denomination. 

80* Reduction Ascending is changing numbers from a lowet 
to a higher denomination. 

87. Reduction Descending is performed by multiplica- 
tion ; thus, to reduce 15£ to shillingb, we multiply 15 by 20, be- 
cause there will be 20 times as many shillings as pounds. . So to 
reduce 15£ and 12s. to shillings, we multiply 15 by 20, and to 
the product add the 12s. 

In a similar manner all such examples are reduced. Hence, 
To reduce the higher denominations of a compound number tc 
a lower denomination. 

Rule. — Multiply the highest denomination given, by the num^ 
her it takes of the next lower denomination to make one of thit 
higher, and to the product add the number of the lower denomina- 
Hon ; multiply this sum by the number it takes of the next lower 
denomination to make one of this ; add as before, and so prO' 
eeed tiU the number is brought to the denomination required 

Ex. 1. Reduce 11£ 17s. 9d. 3qr. to &rthings. 

OPEBATIOK. 

11. 17. 9. o. i-krtrv 

2 Eleven pounds = 220s., and 

the 17s. added, make 237s. = 

2 37 8. 2844d., and the 9d. added, give 

L?. 2853d. = 11412qr., which, in- 

2 8 5 3d. creased by the 3qr., give 11415 

4 qr., the answer. 



11415 qr., Ans. 



* Redactioc^ with merchants, means a diminution of the price of mi 
tfticle. 



46 BEDirCTION. 

2. leduce 71.ra. 3wk. 5d. 19h. 53m. 458ec to seconds. 

Ans. 19252425 
8. R<3duce 53bush. 3pk. 7qt Ipt. to pints. 

4. Reduce 4c. yd. 24c. ft. 1695c. in. to inches. 

5. Reduce 67t. 17cwt. 2qr. 23 lb. 14oz. lldr. to drams. 

6. Reduce 171b. 10|. 75. 29. 19gr. to grains. 

7. Reduce 2731b. lloz. 19dwt. 21gr. to grains. 

8. Reduce 87yd. 3qr. 2na. to nails. 

9. Reduce 69m. 5fiir. 37rd. to rods. 

10. Rfeduce 5 yd. 2ft. 7in. 2b. c to barleycorns. 

11. Reduce 7m. 7fur. 9ch. 3rd. 2111. to links. 

12. Reduce 37sq.m. 637a. 3r. 37sq.rd. to square rods. 

13. Reduce 14c. 7c ft. 15cu.fl. 1716 cu. in. to cubic inchas. 

14. Reduce 15gal. 2qt. Ipt. 3gi. to gills. 

15. Reduce 14circ. 7s. 17° 57' 14" to seconds. 

16. Reduce 6 l.m. 2wk. 18h. 47 sec to seconds. 

17. Reduce 4m. 8ch. 2rd. to links. 

18. Reduce 14t 241b. to ounces. 

88* Reduction As c ending is performed by divinon 
bus, 

Ex. 1. To reduce 11415 farthings to pence, we divide the 

11415 by 4, because there will be only one-fourth as many pence 

as farthings. Performing the division we obtain 2853d. and 8 

remainder of 3qr. If we wish to reduce the 2853d. to shillings« 

we divide by 12, because there will be only one-twelilh as many 
shillings as pence, and obtain 237s. and a remainder of 9cL 

Again the 237s. may be reduced to pounds, by dividing by 20, 

giving 11£ and a remainder of 17s. Thus we find that 

11415qr. are equal to 11£ 17s. 9d. and 3qr. Like reasoning 

applies to all similar examples. Hence, 

To reduce a number of a lower denomination to nimibers of 

higher denominations, 

Rule. — Divide the given number by the number it takes of 
that denomination to make one of the next higher; divide the 
quotient by the number it takeg of that denomination to matr* 



one of the next higher, and so proceed tiU the numher is brought 
to the denomination reouired. The Icutt quotient, together with 
the several remainders (50) will b^ the answer. 

89. Reduction Ascending and Reduction Descending prore 
each other, 

Ex. 2. Reduce 1925242/) seconds to numoers of highei 
denominajtions. Ans. 71.m. 3wk. 5d. 19ti. 53m. 45deo. 

OPEKATION. 

6 ) 1 9 2 5 2 4 2.5 
60) 82087.3 .. .45860. 
24?=8X3. 8) 5347 . ..53m. 

3)668. ..8 

7)22^...2...3 + 2 X 8 = l»li. 
4)31. ..5d. 
1. m. 7 ... 8 wk. 

First divide by 60 (58, b) to reduce the seconds to minuteii , 
then divide by 60 to reduce minutes to hours ; then by 24, L e. 
oy 8 and 3 (56 and 57), to reduce hours to days ; etc 

3. Reduce 3455 pints, dry measure, to higher denomina^iooSi 

4. Reduce 229791 cubic inches to feet and yards. 

5. In 34758123 drams, how many tons, cwt etc ? 

6. In 103199 grains. Apothecaries' weight, how many lbs. Pto,! 

7. In 1578237 grains Troy, how many lbs. etc ? 

8. In 1406 nails how many yards ? 

9. Reduce 22317 rods to miles. 

to. Reduce 635 barleycorns to yards. 

11. Reduce 63996 links to miles. 

12. Reduce 3890877 square rods to miles. 

13. Reduce 3317748 cubic inches to cords. 

1 4. How many gallons m 503 gills ? 

15. How many circumferences in 18964634 seconds ? 

16. How many lunar months in 15789647 seconds ? 



i8 81UNS, DEFINITIONS 

17. How many miles in 32850 links ? 

18. How many tons in 448384 ounces ? 

Note. — This subject will receive farther attention in the sections 
Fractions. 



I 9. SIGNS, DEFINITIONS AND GENERAL 

PRINCIPLES. 

90« The sign of inequality , ^ or <^, signifies that the 
number at the opening of the sign is greater than that at the 
vertex ; thus, 5 -(- 3 > 7, i. e. 6 and 3 are greater than 7. 
Again, 7 — 5 <^ 4, i. e. 7 minus 5 is less than 4. 

91. Parenthesis, ( ), indicates that all the numbers within 
it are to be subjected to the same operation ; thus, (8 -|- ^) X 8 
= 24 + 12 = 36 ; also, (15 — 6) -^ 3 = 5 — 2 = 3. 

Note. — Without the parenthesis, the first example would stand thus 
8 + 4 X 3 = 8 -f- 12 = 20, i. e. the sign of multiplication would not 
affect the 8. So in the second example, if the parenthesis he removed, the 
sign of division will not affect the 15. 

(a) A vinculum, , placed over several numbers, performs 
the same office as the parenthesis, and, in any example where 
their aid is needed, eiiher may be used ; thus, 

(8 + 5) X 3 = 8 + 5X3 = 24 +15 = 13X8 = 39; alsa 

(56 — 12) -f. 4 = 56 — 12^4=14 — 3 = 44-^4 = 11. 

Note. — The numbers in parenthesis or under a vinculum maj be takeo 
uparatdyy or they may furst be united and then the result may be multiplied 
«r divided, as in the above examples. 

93. All numbers are even or odd. 

(a) An even number is divisible by 2 without a remainder 
•8 2, 4, 12, etc. 

(b) An odd number is not divisible by 2 without remainder 
ts, 1, 3, 7, 15, etc. 



AND GEHEBAL PBIHCIPLRS. A% 

l39» All numbers are concrete or abstract. 

{a) A number that is applied to a particular object, is etm- 
irete ; as, 6 hook$j 11 rtieny 25 horses, 4 bushels, etc 

(b) A number no< applied to any particular object, is ahstraet ; 
as, 6, 1 1, 25, 4, etc 

04* All numbers are prime or composite. 

(a) A prime number can be divided by no whole number 
except itself and unity; as, 1, 2, 8, 5, 7, 11, 19, etc 

Note 1. — 7W is the only even prime number, for all even nttmben tttf 
iivisible bi/ 2. 

K JTB 2. — Two numbers are mutually prime when no whole number bo 
me mJl divide each of them ; thus, 7 and 1 1 are mutually prime ; so, also, 
9 and 16 are mutually prime, although neither 9 nor 16 is absolutely prime. 

(b) A composite number (Art 43) can be divided by other 
numbers besides itself and unity ; as, 4 = 2 X 2, 6 = 2 X d, 
8 = 2X4 = 2X2X2, 15 = 3X5, etc 

NoTB 1. — A composite number which is composed of any number iff 
BQUAi; factors is called a power, and the equal factors are called the roots 
>f the pow^ , thus, 9, which equals 3 X 3, is the second power or squan 
)f 3, and 3 is the second or square root of 9 ; 27, which equals 3 X 3 X 3, ii 
the third power or cube of 3, and 3 is the third or cube root of 27 ; etc. 

KoTE 2. — The power of a number is usually indicated by a fig^nre, 
called an index or exponent, placed at the right and a little above the 
Qumber ; thus, the second power of 4 is written 4^, which equals 4X4 = 
16 ; the third power of 4 is 4', which equals 4 X 4 X 4 = 64 ; etc. 

NoTB 3. — A root is indicated by a fractional exponent or by the radical 
tign, tj ; thus, the second or square root of 9 is written 9i or v^9, either of 
which expressions is equal to 3, i. e. the square root of 9 is one of the tvx 
tqual factors of 9 ; the third or cube root of 64 is 64^ or ^64, which equalti 
4, one of the three equal factors of 64 ; etc. 

Note 4. — The thii-d and higher roots require a figure over the radicfU 
sign. 

Note 5. — Every number is considered to oe boih the first jyower and t e 
first root of itself. 

9Sm All composite numbers are perfect or imperfect. 

(a) A perfect number is equal to one half the sum of all i's 
bitegral factors ; thus, 28 is a perfect number, for the sum of i^g 
fiwjtops, 1 + 2 + 4 4- 7 4- 14 4- 28 = 56 = 2 X 28. 

5 
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Note I. — All the perfect numbers known are 1, 6, 28, 496^ 81 2S 
53550336, 8589869056, 137438691328 and 2305843008139952128 
Note 2. — All known perfect numbers, except I, end with 6 or 28. 

(b) An imperfect number is not equal to one half the sum of 
its factors ; thus, 8 is an imperfect number, for the sum of iU 
fiustors, 14-24-4 + 8 = 15 <2x 8- 

90« All imperfect numbers are ahundant or defective. 

(a) An abundant number is one the sum of whose factors if 
grecUer than twice the number; thus, 12 is an abundant number, 
for the sum of its factors, 1 + 2 + 34-44-64- 12 = 28 > 

2X 12. 

(b) A defective number is one the sum of whose factors is le$t 
than twice the number; thus, 16 is a defectiye number, for 
1 + 2 + 4 + 8 + 16 = 31 <2X 16. 

Oy, The factors of a number are those numbers whose con- 
tinued product is the number ; thus, 3 and 7 are the factors of 
21 ; 3 and 6, or 3, 3 and 2 are the factors of 18 ; etc. 

(a) The prime factors of a number are those prime numbers 
whose continued product is the number ; thus, the prime factors 
of 24 are 2, 2, 2 and 3 ; the prime factors of 36 are 2, 2, 
8 And 3 ; etc. 

Note. — Since 1, as a &ctor, is useless, it is not here enumerated. 

0S« An aliquot part of a quantity is that which is contained 
in the quantity an exact number of times ; thus 12-^ cents, 20 
cents, 25 cents, 33^ cents, etc. are aliquot parts of a dollar. 

09, An aliquant part of a quantity is not contained in that 
quantity without remainder ; thus, 12 cents, 23 cents, 75 cents, 
etc. are aliquant parts of a dollar. 

] 00* A measure of any quantity is contained in that quantity 
s certain number of times without remainder ; thus 3 is a meaS" 
are of 6, and 8 of 24. 

]01« A multiple of any quantity contains that quantity a 
certain number of times without remainder ; thus, 15 is » mo) 
tiple of 5, and 21 of 8. 
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Nors 1. — ^Measure and multiple are correlative terms; i. e., if one niimbei 
Je a measure of another, the 2d is necesaarily a multiple of the Ist ; thus, if 
8 is a measure of 12, then 12 is a multiple of 3. 

Note 2. — ^A measure is sometimes called a tuXMnuttiple; thus, 3 is a nib- 
multiple of 12. 

Note 3. — Every number if considered both a measure and a mukipU p/ 
its^f. 

103« A common measure of two or more numbers is an^ ntMi- 
ber that wiU divide each of them without remainder ; thas, 8 ia 
a common measure of 12, 18 and SO. 

103. The greatest common measure of two or more numbers 
is the greatest number that will measure each of them ; thus, 6 is 
the greatest conunon measure of 12, 18 and 30. 

104* A common multiple of two or more numbers is any 
number that mag be divided bg each of them without remainder * 
thus, 48 is a common multiple of 4, 6 and 8. 

iOtl. The least common multiple of two or more numbers is 
the least number that is exactly divisible by each of the given 
numbers ; thus, 24 is the least common multiple of 4, 6 and 8. 

KoTE I. — Least common measure, and greatest common multiple, are 
absurd expressions. 

Note 2. — The terms divisor, factor, measure, sub-multiple, component 
part, and aliquot part, have a kindred signification. 

106. The reciprocal of a- number is the quotient which 
arises from dividing a unit by that number ; thus, the reciprocal! 
of 4, 9 and 12 are ^, j- and -j^. 

Pboblem 1. 

10t7. To find all the prime numbers from 1 up to any giTCn 
onmber, 

BuLE. — Write the odd numbers in the order of their values^ 
beginning with 1 ; thus^ 1, 3, 5, 7, 9, etc. Writs 3 umieit every 
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^d number after 3, 5 under ev&ry 5th after 5, 7 unde? every 1th 
^fier 7, etc. Those numbers having no figures placed under 
them, together with 2, wiU be aU the prime numbers, so far cu the 
^ahle is extended. 

Example. What are the prime numbers from 1 to 45 ? 
1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 

8 &5 &7 

25, 27, 29, 81, 33, 35, 37, 39, 41, 43, 45. 

6 8.9 811 5.7 8.13 15.3,6.9 

Ans. 1, 2, 3, 5, 7, 11, 13, 17, 19, 23, 29, 31, 37, 41 and 48 

The reason of this rule is obvious. The 3d number from 8 
is formed by adding 2 to 3, 8 times, i. e., by adding twice 3 to 
8 ; hence the sum, 9, is divisible by 3, and is .*. not prime ; also, 
the 3d number from 9 is formed by adding twice 3 to 9, and so 
on ; hence every 3d number from 3 is composite. In like man- 
ner, the 5th number from 5 is formed by adding twice 5 to 5, 
and is .'. divisible by 5, and also by 3, etc., etc. 

(a) Not only does this process point out the prime numbers, 
but it also gives the factors of the intervening odd composite 
numbers ; thus, under 9 is 3, one of the factors of 9 ; under 15 
are 3 and 5, factors of 15 ; under 45 are 15 and 3, also 5 and 9, 
L e., two sets of factors of 45, and if either of these sets (e. g. 
15 X 3 = 5 X 3 X 8) 4>e factored, we have aU the prime fac' 
tors of 45. 

Note 1. — This mode of finding the prime numbers was invented by Era- 
tosthenes, a Cyrenian Greek, an eminent mathematician in the times of the 
Ptolemies, who, haying written the odd numbers as above, cut out every 8d 
number from 3, every 5th from 5, etc., and, as this gave to his sheet a strong 
resemblance to a common sieve, it was called " the sieve of Eratosthenes." 

Note 2. — The process for finding prime numbers becomes very tedioni 
irhen carried to a great extent ; hence, analysts have sought a general lor 
Vila ft>i \h8 purpose, but their efforts, hitherto, have been truitloss. 
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TABLE 


I OF 


PRIME NUMBERS FROM 


1 TO 


3407. 




1 


173 


409 


659 


941 


1223 


1511 


1811 


2129 


2423 2741 | 


3079 


2 


179 


419 


661 


947 


1229 


1523 


1823 


2131 


2437 


2749 


3088 


3 


181 


421 


673 


953 


1281 


1531 


1831 


2137 


2441 


2753 


3089 


5 


191 


431 


677 


967 


1237 


1543 


1847 


2141 


2447 


2767 


3109 


7 
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971 


1249 


1549 


1861 


2143 
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2777 
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11 
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1553 


1867 


2153 
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2789 
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13 
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983 
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17 
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19 
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23 
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1289 
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29 
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81 
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2539 
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87 
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3191 


41 
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1303 


1607 
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2843 


3208 


43 


251 


491 


757 


1033 


1307 


1609 
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2243 
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2851 
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47 


257 


499 
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3217 


53 
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1619 
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59 
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1951 
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61 


271 
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787 
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2887 


3251 


67 


277 
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797 
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1367 
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1979 
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2609 


2897 


3258 


71 


281 
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1873 
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1987 
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3257 


73 


283 


547 


811 


1087 


1381 


1663 


1993 


2293 


2621 


2909 


3259 


79 


293 


557 


821 


1091 


1399 


1667 


1997 
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2633 


2917 


3271 


83 


307 


563 


823 


1093 


1409 


1669 


1999 


2309 


2647 


2927 


3299 


89 


311 


569 


827 


1097 


1423 


1693 


2003 


2311 


2657 


2939 


3301 


97 


313 


571 


829 
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1427 


1697 


2011 


2333 


2659 


2953 


3307 


101 


317 


577 


839 


1109 


1429 


1699 
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2663 


2957 


3313 
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587 


853 


1117 


1433 


1709 


2027 
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2671 
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107 
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593 


857 


1123 


1439 


1721 


2029 


2347 


2677 


2969 
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109 


347 


599 


859 


1129 


1447 


1723 


2039 


2351 


2683 


2971 


3329 


113 


349 


601 


863 


1151 


1451 


1733 


2053 


2357 


2687 


2999 


3331 


127 


353 


607 


877 


1153 


1453 


1741 


2063 


2371 


2689 


3001 


3343 


131 


359 


613 


881 


1163 


1459 


1747 


2069 


2377 


2693 


3011 


3347 


137 


367 


617 


883 


1171 


1471 


1753 


2081 


2381 


2699 


3019 


3359 


139 


373 


619 


887 


1181 


1481 


1759 


2083 


2383 


2707 


3023 


3361 


149 


379 


631 


907 


1187 


1483 


1777 


2087 


2389 


2711 1 3037 


337 J 


151 


383 


641 


911 


1193 


1487 


1783 


2089 


2393 


2713 3041 


3373 


157 


389 
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1201 


1489 


1787 


2099 
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163 
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1493 


1789 


2111 
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389 J 
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401 
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1217 


1499 1801 
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2417 


2731 3067 


3407 
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Problem 2. 

108* To resolve a number into its prime factors, 

Rule.- -Divide the given number by any prime number grecUer 
than one, that will divide it ; divide the quotient (zs before, and 
§0 on tiU the quotient is prime. The several divisors and kui 
quotient wiU be the pHme factors sought, 

Ex. 1. What are the prime &<;tors of 30 ? Ans. 2, 8 and ^, 

OPEBATION. 

2)30 It is immaterial in what order the prime &o- 

fi \ 7~^ tors are taken, though it will usually be most 

^ — conyenient to take the smaller factors first. 
5 

2. Resolve 96 into its prime factors. Ans. 2, 2, 2, 2, 2 and 8. 
8. Resolve 180 into its prime factors. Ans. 2, 2, 3, 3 and 5. 

4. What are the prime ^tors of 7684 ? Ans. 2, 2, 17 and 118, 

5. What are the prime factors of 242550 ?^!Uiv, t^ i; i/ S - I ' ^y*t 

6. What are the prime factors of 1801800 ?<i?»v. i t^ I, b"^ t\ -' \ \ 

Problem 3. 
109. To find oiU the integral factors of a number, 

Rule. — 1. Resolve the number into its prime factors. 

2. Form a series * of numbers by writing 1 and the \st, ^d^ 
etc., powers (94, b. Note 1) of some one of the prime factors up 
to the highest power of that factor contained in the given number. 
Do the same with ea^ch of the different prime factors. 

3. Multiply the terms of one of these series by the terms of 
another, term by term, gmd keep the terms of the product separate ; 
then multiply the terms of this product by the terms of another 
§eries, and so on until each series has been employed. The terms 

* Three or more numbers in succession, such that each succeeding num- 
ber is formed from one or more of the preceding, in accordance with some 
fixed law, constitute a series. The several numbers forming the series an 
the tertps of the series. 



N. 
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^f the last product wiU he aU the divisors of the given num' 
her, 

Ex. 1. Find all the integral factors of 36. 

86 = 2» X 8« 

1st series = 1, 2, 2* = 1, 2, 4 
2d series = 1, 3, 3* = 1,3,9 

Product of the two series = 1, 2, 4, 8, 6, 12, 9, 18, 86, Ans. 

The truth of the rule is ohvious. All the prime factors of the 
cximher are taken, and they €u% also multiplied together in every 
possible way, two factors at a timej three at a time, etc, and henoe 
every possible factor of the number is found. 

2. Find the divisors of 1800. 

1800 = 23 X 8« X 5«. 

1st series = I9 2, 4, 8 

2d series == I9 8, 9 



Prod, of Ist and 2d series = 1, 2, 4, 8, 3, 6, 12, 24, 9, 18, 36, 72 
8d series = 1, 5, 25 

(1,2,4,8,3,6, 12, 24, 9, 18, 36, 
72, 5, 10, 20, 40, 15, 30, 60, 
120, 45, 90, 180, 360, 25, 50, 
100, 200, 75, 150, 300, 600, 
225, 450, 900, 1800, Ans. 

NoTB. — This rule is very convenient ic reducing the higher eqnatious 
m Algebra. 

3. What are the divisors of 144 ? 

4. What are the di ^sors of 500 ? 

Problem 4. * 

no* To find the greatest common measure of tro or more 
mimbers, 

Rule 1. — Resolve each number into its prime factors^ and 
the continued product of all the prime factors that are common 
io all the g*.ven numbers vnU be the common measure sought 





OPERATION. 


60: 

72 

48 
84 


—2X2X3X5 
—2X2X2X3X3 
2X2X2X2X3 
= 2 X 2 X 3 X 7 
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Ex. 1. What is the greatest common measure of 18, 30 and 
48? Ans. 2 X 3 = a 

OPERATION. We see that z and 3 

18 = 2 X 3 X 3 are factors common to aU 

30 = 2 X 3 X 5 the numbers, and, further- 

48=:2x3X2x2x2 more, they are the only 

common factors; hence 
I heir product, 2 X 3 = 6, is the greatest common measure of 
il«" given numbers. 

/, What is the greatest common measure of 60, 72, 48 and 
S4 ? Ans. 22 X 3 = 12. 

Although 2 is a factor 
more than twice in some 
of the given numbers, yet, 
as it is a factor only twice 
in others, we are at liberty 
to take 2 but twice in find- 
ing the greatest conmion measure. The same remark applies 
(o other &ctors. 

3. What is the greatest common measure of 30, 90, 120, 210 
and 60.? Ans. 2 X 3 X 5 = 30. 

4. Find the greatest common measure of 25, 75, 90, 85, 100 
65, 125 and 250. Ans. 5. 

5. Find the greatest common measure of 42, 63, 105, 147, 
189 and 168. 

6. Find the greatest common measure of 72, 120, 144, 168 
and 48. 

(a) When the given numbers are not readily resolved into 
their prime factors, their greatest common measure may be more 
easily found by 

• 

Rule 2. — Divide the greater of two numbers by the less, ancU 
if there be a remainder, divide the divisor by the remainder, and 
continue dividing the last divisor by the last remainder untU 
nothing remains ; the last divisor is the greatest common ^HctMurs 
qf thA two numbers. 
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If more than two numbers are given, find the greatest measure 
pf two of them, then of this measure and a third number, and to 
an until all the numbers have been taken ; the last divisor wiU 6c 
As measure sought. 

7. WliEt is the greatest oommon measure of 14 and 20 ? 

Ana. i. 

OPERATION. 

14)20(1 
14 

6)14(2 

L! 

2)6(8 
6 



111. Before explaining this operation, four principles may 
be stated, viz. : — 

(a) Every number is a measure of itself (101, Note 3). 

(b) If one number measures another, the 1st ^ill measure 
Miy multiple of the 2d ; thus, if 3 measures 12 it will measure 5 
times 12, or any number of times 12. 

(c) If a number measures each of two numbers, it will meas* 
ure theii sum and also their difference ; thus, since 6 is contained 
ill 30 five tiroes, and in 12 twice, in 30 -[- 12 = 42, it will be 
conlained 5-1-2 = 7 times, and in 30 — 12 = 18, it will be 
contained 5 — 2 = 3 times. 

(d) Not only will the greatest com.: on measure of two num- 
ber> measure their difference, but, unles one of the numbers is a 
multiple of the other, it will also meas "e the remainder, after 
one of the numbers has been taken frt i the other, as many 
times as possible ; thus, the greatest meas re of 6 and 22 will 
measure 22 — 3 X 6 = 4. 

II3« It r[v\^ now be shown, 1st, that 2 is a common measure 
)f 1 4 and 20, and, 2d, that it is their greatest common measure. 

1st. 2 ir.easures 6, .•. (Ill, b) 2 measures 6x2 = 12. and 
fill, c) 2 measures 2 -|- 12 = 14; again, since 2 measures (I 
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and 14 (111, c) it measures 6 -|- 14 = 20 ; i. e. 2 measures 14 
and 20. 

2d. The greatest measure of 14 and 20 (111, c) must measure 
20 — 14 = 6, .'. it cannot be greater than 6 ; again, the greatest 
measure of 6 and 14 (111, d) must measure 14 — 6X2 = 2,.* 
the greatest Common measure of 14 and 20 cannot exceed 2, and, 
as it has been previously shown that 2 is a measure of 14 and 20, 
it is their greatest measure. 

A similar explanation is appbcable in aU cases. 

113* It will be seen that, in finding the common measure of 
14 and 20, we are led to find the measure of 6 and 14, then of 
2 and 6 ; i. e. in any example, we seek to find the measure of 
the remainder and divisor, then of the next remainder and 
divisor, and so on, until the greatest measure of the last remain- 
der, and the divisor which gave that remainder, is found, and 
this measure will be the greatest common measure of the two 
given numbers; thus, the question becomes more and more 
jimple as eac]^ successive step is taken in the operation. 

8. What is the greatest common measure of 27088 and 39912 ' 

Ans. 8. 

9. Find the greatest common measure of 437437 and 2018835 

Ans. 91. 

10. Find the greatest common measure of 16, 24 and 36. 

Ans. 4 

FIRST OPERATION. SECOND OPERATION. 

16)24(1 24)36(1 

1_6 2^ 

8) 6(2 12)24(2 

LQ 24 



Again, 8 ) 3 J ( 4 Again, 12)16(1 

b_2 12 

4)8(2 4)12(3 

^8 12 

I) 
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First find the measure of 16 and 24, viz., 8, and lihen find the 
measura of 8 and 36 ; or, first find the measure of 24 and S6, 
VIZ., 12, and then of 12 and 16; or, we might first find the 
mea^ai-c of 16 and 36, and then of that measure and 24. 

11. Find the greatest common measure of 9360, 437437 and 
S018835. Ans. 13. 

12. Find the greatest common measure uf 1269729, 405402 
suid 5816907 

13. What IS the greatest common measuij of 6 and 15 ? 

Ans. 1. 

14. What is the greatest common measu^i <>1 8, l2 and 33 ? 

15. Find the greatest common measuiv. jf 1181, 2741 and 
3413. 

Problem 5. 

Il4:« To find the least conmion multiple of two ur more 
lumbers, 

Rule 1. — Resolve each number into its prime factorSj and the 
continued product of the highest powers of aU the differenit prime 
factors contained in the given numbers, wiU be the multipU 
taught, 

Ex. 1. What is the least common multiple of 24, 36 and 20? 
Ans. 2x2x2x3x3x5 = 2»X 32 x5 = 360. 

OPERATION. Since 360 contains all the 

24 =2X2X2X3 factors of 24, 36 and 20, re- 

36 = 2X2X3X3 spectively, it, evidently, is di 

20 = 2 X 2 X 5 visible by each of those num 

bers. It, also, is evident thai 
DO number less than 360 will contain 24, 36 and 20, for if on^ 
of- the 2*8 in the common multiple were omitted, it would noi 
contain 24 ; if one of the 3's, it would not contain 36 ; and if 
the 5 were omitted, it would not contain 20. 

2s What is the least common multiple of 6, 8, 12, 18 and 24 ? 

Ans. 2» X 32 = 72 
3. Find tlie least common multiple of 48, ^6 144 and 192 
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4. Find the least common multiple of 33, 44 and 55. 

5. Find the least common multiple of 3, 8, 27, 24, 54, 48, 90 
and 45. 

6. Find the least common multiple of 18, 28, 56, 64 and 72. 

(a) The above rule is always applicable, but tjie same end 
may sometimes be more easily attained by 

Rule 2. — Having set the given numbers in a line, divide ^ 
any prime number that will divide two or more of themj and set tka 
quotients and undivided numbers in a line beneath ; 'proceed with 
this line as with the first, and so continue until no two of the 
numbers can be divided by any number greater than one ; the 
continued product of the divisors and numbers in the last line wxU 
he the multiple sought. 

This rule may be illustrated by the example already employed 
in explaining the first rule, viz., What is the least conmion mul- 
tiple of 24, 36 and 20? 

Ans. 2X2X3X2X3X5 = 360. 

OPERATION. If the process by the 1st rule be 

2)24, 36, 20 examined it will be seen that the fac- 

2 ^ 1~2 18 1~0 ^^ ^ ^® found 7 times in the given 
-^ — I ! numbers, and as 2 is taken but 3 

3 ) 6, 9, 5 times in finding the multiple, it is re- 

2 3 5 jected 4 times. By the 2d rule, also, 2 

is rejected 4 times, viz., twice in the 
1st division by 2 and twice in the 2d division by 2. The learner 
may think 2 is rejected 3 times in each of the two first divisions, 
but he must remember that the divisor, 2, is retained as a factor 
in the common multiple in each instance. 

Similar remarks are applicable to all rejected factors in likts 
examples, .-. the two rules give identical results. 

Note. — The principle, which is the same in the two rules, is most readily 
perceived by the first operation. 

7. What ift the least conmion multiple of 5, 16, 24, 32 and 48 ? 

Ans. 25 X 3 X 5 = 480. 



2)5, 


8, 


12, 


16, 2 4 


2)5, 


4, 


6, 


8, 12 


2)5, 


2, 


3, 


4, 6 


8)5, 


1, 


3, 


2, 8 
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OPBBATIOH. 

By Rule 1 By Rule 2. 

5 = 5 2 ) 5, 1 6, 2 4, 3 2, 4 8 

16 = 2X2X2X2 
24 = 2X2X2X3 
82 = 2X2X2X2X2 
48 = 2X2X2X2X3 



5, 1, 1, 2, 1 

8. What is the least common multiple of 6, 8, 12, 18, 24, 181 
indl37? Ans. 1292184. 

9. What is the least common multiple of 8, 15, 77 and 221 ? 

10. What is the least common multiple of 10, 15, 45, 75 
and 90? 

(b) It is evident that 10, 15 and 45, in the above example, 
may at once be struck out ; for each of these numbers is a meas- 
ure of 90, and .*. whatever multiple of 75 and 90 is found, tf, 
certainly, must be a multiple of 10, 15 and 45 ; hence the qpes- 
tion is reduced to this : Wha^t is the least common multiple a 
75 and 90 ? 

Note. — Many other abbreTiations of this and other rules may be effected^ 
bnt a delicate perception of the relations of numbers, and a skilful appli- 
cation of principles, will much more facilitate the progress of the learner 
than any set of formal rules. 

11. What is the least common multiple of 4, 9, 6 and 8 ? 

Ans. 72. 

12. What is the least common multiple of 8, 12, 16, 24, 33, 
48 and 96 ? Ans. 96. 

13. Find the least common multiple of 80, 20, 160, 40, 5, 
820, 10 and 16. 

14. Fiiid the least common multiple of 91, 3523 and 6487. 

Ans. 12305839. 

15. Find the least common multiple of 12089, 1309, 2849 
Aud 2233. 

16. Find the least common multiple of 28, 42, 5G, 70, 80 and 
90. 

ft 
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(c) If the numbers are prime, or even mutually prime, theif 
product is their least common multiple. 

17. What is the least common multiple of 8, 15 and 77 ? 

Ans. 9240. 

18. Find the least common multiple of 1181, 2741 and 3413. 

(d) The least common multiple of two numbei*s is equal tu 
li^ir product divided by their greatest common measure. 

19. What is the least common multiple of 12 and 20 ? 

The greatest measure of 12 and 20 is 4, and 

12 X 20 -1- 4 = 60, Ans. 

20. What is the least common multiple of 35 and 49 Y 

21. What is the least conmion multiple of 39 and 91 ? 

tISm The following facts will be found convenient in the 
subsequent rules : 

(a) Every number whose unit figure is 0, or an even number, 
is itself even, and .*. divisible by 2. 

(b) If the two right hand figures of a number are divisible by 
4^ the whole number is also divisible by 4 ; e. g. 8724 = 8700 
-f- 24 ; now, 100 is divisible by 4, and .% 8700 is divisible by 4 
(111, b) ; again, since 8700 and 24 is each divisible by 4, theii 
sum, 8700 -f- 24 = 8724, wiU also be divisible by 4 (111, c). 

(c) Similar reasoning will show that the whole of a numbei 
18 divisible by 8, if its last three figures are divisible by 8, etc, 
etc 

(d) A number ending with 5 or is divisible by 5. 

(e) Any number ending with is divisible by 10. 

(f) Every number the sum of whose digits is divisible by 9 
18 itself divisible by 9 ; e. g. 5643 = 5000 -f- 600 + 40 + 3. 

Now 5000 = 5 X 1000 = 5 X (999 + 1) = 5 X 999 + 5, 
600 = 6 X 100 = 6 X (99 + 1) = 6 X 99 +6, 
40 =4X10 =4X(9 +1) = 4X9 +4; 

.-. 5643 = 5X 999 + 6X 99 + 4x9 + 54-6 + 4 + 3; 
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iKgain, it is evident that 5X999 + 6x99 + 4X9w oMsi- 
ble hy 9, and if 5 + 6 4- 4 -f 3 (= 18) is divisible by \f, tlion 
the whole number, 5643, mitst he divisible by 9 ; but it will be 
seen that 5-|-6-f-4-f-3 is the sum of the digits which 'Ex- 
press the number 5643 ; hence any number is divisible by 9 if 
the sum of its digits is divisible by 9. 

K the sum of the digits of a number divided by 9 gi^e a 
remainder, then the number itself divided by 9 will give *hi 
•AJfE remainder. 

Note. — It is on these properties of the nnmher 9 that the rules cften 
(pven, for proving Addition, Subtraction, Multiplication and Division by 
casting out the O's are founded. 

(g) The properties given for 9 are equally true for 3 ; i. e. if 
the sum of the digits of a number is divisible by 3, the number 
is itself divisible by 3, and if the sum of the digits divided by 3 
gives a remainder, then the number divided by 3 wiU give the 
$am^ remainder. 

(h) Any even number divisible by 3 is ako divisible by 6 ; for, 
since it is even^ it is divisible by 2, and, being divisible by 2 and 
by 3, it is divisible by 2 X 3 = 6. 

Note. — The properties named in the foregoing paragraphs are depend- 
ent upon the given conditions ; e. g. in (a), a number not ending in or an 
even number is not divisible by 2 ; etc. 

(i) Every prinie number, except 2 and 5, must end with 1, 3 
7 or 9 ; for, 

Ist. Every number must end with 
some one of the ten digits, 

2d. But no even number, except 2, 
is prime ; .•. take away 

and we have remaining 

8d. No number, except 5, ending in 
or 5 can be prime, 

.'. Every prime number, except 2 
and 5, must end in . 1> 3, 7 or 9. 

Note. — The converse of this proposition is not true ; i. e. a number 
ending with 1, 3, 7 or 9 ts not necessarily prime. 
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§ 10. VULGAR FRACTIONS. 

IIG* A Fraction* is an expression representing one or 
more of the equal parts into which a unit is supposed to be 
divided. 

117. A Vulgar or Common Fraction is expressed by two 
[lumbers, one above and the other below a line ; thus, ^ (one 
half), I (two fifths), etc 

(a) The number below the line shows into how many parti 
the unit is divided, and is called the denominator, because it 
denominates or gives name to the parts ; thus, if a unit is divided 
into 3 equal parts, each part is one third; if into 8, each part 
is one eighth ; etc. 

(b) The number above the line is called the numerator, be* 
cause it numerates or numbers the parts taken, 

(c) The numerator and the denominator are the terms of the 
fraction. 

118. A fraction is nothing more nor less than unexecuted 
division, i. e. division indicated but not performed, the numerator 
being the dividend and the denominator the divisor. This is the 
hey to a knowledge of fractions ; and this knowledge of fi^actions 
is, in turn, the key to Higher Arithmetic and Algebi*a. He who 
has the key intelligently in his possession will advance rapidly 
and pleasantly, while he who neglects the key will see no beauties 
in mathematics. 

(a) It follows from the above, that the value of a fraction is 
*he quotient of the numerator divided by the denominator ; thusi 
Vt = 12 -^ 4 = 3. 

119« A proper fraction is one whose numerator is less thao 
rhc denominator ; as, |, ^^, ^, etc 

1 30« An improper fraction is one whose numerator equals 
f«r exceeds its denominator ; as, |, ^, |, ^f , etc An impropei 

♦ Fraction, from the Latin /tanqo, to break. 
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firaction equqli or exceeds a unit ; hence its name »• Qcfeopsb 
fr€U!tian, 

131. A simple fiaction hai but one numerator and oat 
denominator, and is either proper or improper; as, ^, |, ^, 4^, 
etc 

iftft» A compound fraction is a firaction of a fraction ; My | 
of t\, J of I of f , etc 

133. A mixed number is a whole number and a fraetios 

united ; as, 3^, 20f , etc 

134:* A complex fraction is one that has a ihiction or a 
mixed number for one or for each of its terms ; as, _?. t . _ 

HI, « etc. 
7|' SA' 

Remark. — The following are the most important operations in iractioiia. 

Case 1. 



:«i 



tftSm To multiply a fraction bj a whole number, 

KuLE 1. — Multiply the numercUor by the whole number 
a, and 118); or, \ 

Rule 2. — Divide the denominator by the whole number J 
Cr>9,d). ^ 

Ex. 1. Multiply ^ by 8. 

A X 3 = A, by Rule 1 ; or, 
A X 8 = J, by Rule 2. 

Note 1. — The 2d rule is preferable in this and all similar exampl*^ 
leeanse it gives the result in smaJUer terms, 

2. Multiply ^r^ by 8. • Ans. J. 

3. Multiply ^ by 5. Ans. J. 

4. Multiply ^hjlS. Ans }J 

5. Multiply tI §Jt by 593. 

6. Multiply jf ^f ^ by 27. 

6* 
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^ /8. 

X X 3 =^ by Rule 1; or, 

^ X 3 = A, by Rule 2. 
3f 

X. ;he Ist rule is preferable in this and all similar examplei 

because w gives a complex fraction, 

8. Multiply ^ by 2. Ans. \%. 

9. Multiply yjf y by 15. Ans. fij^. 

10. Multiply /^T by 24. 

11. Multiply ^ by 148. 

12. Multiply If^J by 2717. 

13. Multiply f by 3. 

(a) The correctness of the first rule is also apparent from the 
following reasoning : It is just as evident that 3 times \ are f 
as that 3 times 2 cents are 6 cents ; or that 3 times 2 are 6 ; L e. 
when the numerator is multiplied by 3, the fraction represents 8 
times as many parts as before, and each part remains of the 
same size ; .'• the fraction is mukiplted by 3. 

(b) The 2d rule may be explained thus: 2 ninepences, in 
New England, are 25 cents ; i. e. 2 times j^ of a dollar are ^ of a 
dollar, and, as evidently, 2 times | are j ; i. e. if the denominator 
is divided by 2, the fraction represents just as many parts as be- 
fore, hit each part is twice as great, and, .*. , the whole fraction v* 
iwice as great 

14. Multiply A l>y 15. 15 = 5 X 3. 

^X5 = fandfX3 = ^An8. 

Note. — ^We may here, as in whole numbers (44), use the compouenl 
parts of the multiplier, and, in using these component parts, we may applj 
[he 1st or the 2d rule, or both. 

15. Multiply f S by 66. 66 = 6 X H. 

+S X 6 = iS and 41 X 11 = W. Ang. 

1 6. IMultiply ^ by 42. Ans. ifi, 

17. Multiply ^j?s by 84. 

18. Multiply J^ by 44. 
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19. Multiply 'W^ by 63. 

20. Multiply T^V by 1008. 

21. Multiply J by 5. f X 5 = t = ^ by Rule 2; .-., 

(c) If we multiply a fraction by its denominator, the prodacf 
will be the numerator. 

22. Multiply f| by 79. Ans. 18 

23. Multiply ^fr by 1957. 

24. Multiply ^ by 59. 

25. Multiply l±\^ by 5. 

Casb 2. 

136« To divide a fraction by a whole number^ 

Rule 1. — Divide the numerator by the whole number (59, b^ 
and 118) ; or, 

Rule 2. — Multiply the denominator by the whole nufniet 
^59, c). 

Ex. 1. Divide f^ by 4 

J^ -1. 4 = ^, by Rule 1 ; or, 
f J -1- 4 = fj, by Rule 2. 

Note 1. — The Ist rule is preferable in this example. Why* 

2. Divide f J by 9. Ans. ■^. 

3. Divide ^^ by 21. 

4. Divide Jf^ by 25. 

5. Divide /^ by 13. 

6. Divide J^^^V" by 593. 

7. Divide ^ by 2. 

A -r- 2 = 1-, by Rule 1; or, 

A -=-2 = ^, by Rule 2. 
NoTV 2. — The 2d mle is preferable in this example Why f 

8. Divide -^ by 3. Ans. ^ 

9. Divide ^-/^ by 5. 
10. Divide ^^ by 894. 
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11. Divide ^f |J- by 74. 

12. Divide If by 7695. 

13. Divide f by 3. 

^a) It is just as evident that ^ of f is ^, as that ^ of 6 cents is S 
cents, or that ^ of 6 is 2 ; i. e. the 1st rule may be explained by 
saying that, if the numerator is divided by 3, the fraction will 
express only ^ as many parts, and each part remains of the 
same size ; hence the value of the fraction is divided hy 3. 

(b) By the 2d rule each part expressed by the fraction i« 
made smaller, while the number of parts taken remains the 
same ; .*. the value of the fraction is divided when we multiply 
thp denominator. 

14. Divide ^j by 20. 20 = 4 x 5. 

A-r4 = 5%andA-H6 = yf y, Ana. 

NtrfB. — See Art. 125, b, Note. 

15. Divide \% by 35. 35 = 5 X 7. 

l4-r5 = ^and^^7 = ^f y, Ans. 
16 Divide If 1 by 42. Ans. fj. 

17. Divide ^^ by 84. 

18. Divide ^^ by 44. 

19. Divide iLif f ^a by 63. . ' 

20. Divide if $a by 1008. 

Case 8. 

1»7. To multiply fby f , Ist, ? X 3 = f (125, Rule 1) ; 
^ bDt the multiplier, 3, is 5 times J, .*. the product, f , is 5 timeb 
^^ the product sought ; hence, 2d, f -^ 5 = ^ (126, Rule 2) is the 
product sought ; L e. 

^ X f = aV Hence, 
To multiply a fraction by a fraction. 

Rule. — Mtdtiply the numerators together for a new nutM 
rotor ^ and the denominators for a new denominator 
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^ Ex. 1. Multiply t by A- -^^s. ,%. 

2. Multiply \i by ^. Ans. jjf. 

3. Multiply a by «. 

4. Multiply a by yj^. 

5. Multiply a by J. 

(a) To multiply by a fraction is only to multiply by the nu- 
merator, and then divide the product by the denominator. In 
Ex. 6 we multiply |f by 5 and obtain Y (^^^' ^"^^ ^)' ^^^ 
then y divided by 6 gives If (126, Rule 1), the result sought 

6. Multiply JJ by #. 

2 

51iX 0=7> Ans. 



NoTB 1 . — ^In this simple operation is inyolyed the whole prindpU of 
ttUng, 

7. Multiply a by if. 

4 2 
^1>^^^—^ A 

5 9 

The 7th example is solved on the same principle as the Gth. 
Hince the product of the numerators is a dividend, and that of 
the denominators a divisor (118), and since the quotient is not 
affected by dividing both dividend and divisor by the same num- 
ber (61, Cor.), we may cancel (strike out, or refect) the factors 
8 and 7 from both numerator and denominator ; i. e. we may 
divide both numerator and denominator by 8 and 7, and thus 
obtain ^^, the product sought 

Note 2. — There can be no difficulty in canceling so long as we remembei 
the simple principle, that it rests upon rejecting equal factors from dividend 
and divisor. The process is only to strike out or caned the same factors from 
mimerator and denominator, and it often saves much labor. 
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8. Multiply t* by f f 




2 5 

17 




». Multiply H by ,|,. 

10. Multiply Jf by ^ 

11. Multiply T^s by if. 

12. Multiply ^ by if 


Ans. Jfg 
Ans.^. 



(b) In canceling 8 and 5 in Example 18, we obtain the quo- 
tients 1 and 1 in the numerators, and whenever an entire term 
cancels we obtain 1 to place instead of the term canceled ; but 
since 1, as a multiplier or divisor, is valueless, there is no need 
of retaining it under anj circumstances except where all the 
numerators are canceled ; in such a case, 1 is the true numeratot 
and must be retained. 

13. Multiply ^ by fy. 

1 1 

5 4 

14. Multiply iH by a^. 

1 1 

I^X-?-^--- Ana. 
5 2 

Note.— The l4th and similar examples may be more oonveniently ^ti- 
'4<n as follows :-~ 



iii JLi = ~, Ans. as before. 

i^fi X i$i 10' 

6 2 
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15. Multiply ^ by J^. 

5 4 



= 20, Ana. 



16. Multiply \m by /Afe. 

17. Multiply ^A by A%. 

18. Multiply IJf by -V^. Ans. 10. 

19. Multiply f I by A^. 

20. Multiply A^,^ by Tiftfr 

(c) K ^ of an apple be divided into 7 equal p<irts, one of 
those parts will be ^ of the whole apple ; and if f of J is ^, 
then ^ of I will be .^, and f of f will be ^f ; i. e. the rule for 
reducing a compound fraction to a simple one ia Uie same as that 
for multiplying a fraction by a fraction. 

21. Multiply } by f , L e. reduce } of f to a sin^ple fraction. 

Ans. ^f . 

22. Eeduce | of .^. Ans. |f . 

23. Reduce f of } of A. Ans. ^. 

24. Reduce ^ of f of ^ of f . 

|x|x|x! = 1,a™. 

2 3 

Kors. — The principle of canceling can be profitably applied wheneyei 
the pioduct of two or more numbers is to constitute a dividend, and the 
product of other numbers is to constitute a divisor, provided that 4iere art 
equal factors in the dividend and divisor. 

25. What is i of § of I of t of f of f of J of |? 

26. What is>of \% of f of ^^y of H ? Ans A 

27. What is I of t« of 41 of ff of Jf ? 

28. What is ff of jj of ^ of ^? 

29. What is T^ of ^ of |i of J^^? 
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(d) The multiplication of a whole number by a fraction is 
only a modification of the . principle of the 3d case ; for, if the 
whole number has 1 placed under it, it becomes a fraction without 
change of value ; thus, 8 = f , 17 = -Y-, etc. 

30. Multiply 8 by |. ' f X f, or 8 X f = ^, Ans. 

31. Multiply 35 by |. Ans. 21. 

We may multiply by 3 and divide the product, 105, by 5 ; or, 
better, as it keeps the numbers smaller, we may divide by 5 and 
multiply the quotient, 7, by 3, and the result is the same, 21, by 
either process. 

32. Multiply 48 by ^. Ans. 15. 

33. Multiply 64 by /j. Ans. Y- 

34. Multiply 1056 by ^jy^. 

Case 4. 

1»8. To divide § by f 1st, § -H 5 = ^ (126, Rule 2) , 
but the divisor, 5, is 7 times ^, .*. (59, f) the quotient, -j^, is only \ 
of the quotient sought ; hence, 2d, -ft X 7 = ^^f (125, Rule 1) 
is the quotient sought ; L e. 

f-s-| = fXt = it. Hence, 
To divide a fraction by a fraction, 

Rule. — Invert the divisor ^ and then proceed as in muUipU' 
cation (127). 

Ex.1. Divide^byA- ♦ -=- A: = f X V = Hy Ans. 

2. Divide ^ by \\. Ans. ^. 

3. Divide |f by |f. 

4. Divide ^^V ^7 tf • 

(a) The reciprocal of f is - (106), and, multiplying both nu- 

verator and denominator of this complex fraction, -, by 7, we 
obtain j ; but multiplying both tenns of a fraction by the wbom 
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aumber does not change its value (60, Cor.), .•.- = !; L e. the 

reciprocal of ^ is { ; and, generaUy, the reciprocal of any /reus 
tion is that fraction inverted. 

Again, 12 -;- 4 = 3, and 12 X i = 3 ; 

so, also, f -1- 4 = y*^, and f X i = A5 

hence f -i. 4 = f X i ; i* e. tV matters not whether we divids 
(y any number or multiply by its reciprocaL 

From the above, together with Art. 127, we have anothei 
explanation of the rule in Art. 128. 

5. Divide Jf by JJ. 

6. Divide |^ by ^^^V 

7. Divide f of f by f of ^. 

?X^-?X^=?X^X?xi^ = ?^ Anp 
4^5 -7^ 11 ^'^5^2'^3riO' 

8. Divide | of {% by ^ of f f . Ans. ^. 

9. Divide A o^ I o^ A ^7 ♦ of f^. 

10. Divide it of A by H of } of if. 

\h) If the denominator of the divisor is like that of the divi- 
.»v.v»d, as in Ex. 11, they may both be disregarded ; for, evidently. 
/Y iS contained in ^ just as many times as 6 apples are con- 
uiJ.\cd in 24 apples, or 6 in 24 ; i. e. §f -i- ^ = 24 -f 6 = 
liumtrator of dividend -^ numerator of divisor; and this is 
equal iy true when the numerator of the dividend is not a multipl^^ 
of the numerator of the divisor ; thus, ^f-i-^=5-i-3 = J. 

11. Divide ff by ^. Ans. 4. 
12 Divide 1^ by ||. Ans. 3. 

13. Divide f f by f|. Ans. Jf. 

1 4. Divide J j by |f . Ans. J|. 
15 Divide tf by /^. 

16. Divide ^f by ^. 

17. Divide yf f, by ^^j. 
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(c) When the numerator and denominator of the divisor art; 
respectively factors of the corresponding terms of the dividend, 
as in Ex. 18, it is best to divide numerator by numerator, and 
denominator by denominator. This mode is true in ciU fractions, 
but not always convenient. Why true ? Why not convenient 7 

18. Divide ^ by f Ans- ^. 

19. Divide /^ by §. 

20. Divide yf f B by -f^. 

Case 5. 

139. To reduce a fraction to its smallest or lowest termA, 

KuLE 1. — Divide each term hy any factor common to them , 
then divide these quotients by any factor common to them, and 
$0 proceed till the quotients are mutually prime (61, Cor.) ; or, 

Rule 2. — Divide eajch term hy their yeatest common mecuun 
(110). 

£x. 1. Reduce 4^}^ to its lowest terms. 

h 

42013 



140J^-^|^,An8.byRule.^ 



In the first operation, we divi^^e hy .^0 l^ o^^i^g off i» 
each term (58), then divide by 7, then by 2 

2. Reduce J| to its lowest terms, 4nB. ^4. 

8. Reduce gglf Aj>^ f- 

4. Reduce JJ?f J. 

5. Reduce |J8J§|f 

6. Reduce ^|gjf. 

7. Reduce ^/y^. 

8. Reduce Hilt- 
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9. Reduce ^^. . 

10. Reduce ^^fy. 

11. Reduce iij*». 

12. Reduce ^VV 

13. Reduce iii^ 

14. Reduce ^1^. 

15. Reduce yf ittJfir- 

Cask 6. 

130. How many units in J^? 

One unit = f , and .*. ^ will be reduced to units bj diriding 
1^ by J; thus (128, b), J,5t .:_ | = 13 «^ 4 (= numerator -J. 
denominator) = 3^. Hence, 

To reduce an improper fraction to a whole or mixed number. 

Rule. — Divide the numerator hy the denominator ; if there M 
any remainder, place it over the divisor^ and annex the fraction 
to formed to the quotient. 

Ex. 1. Reduce f f to a whole or mixed number. 

f I = 96 ^ 19 = 5tV, Ans, 

2. Reduce &f ^ to a whole or mixed number. Ans. 125f. 

3. Reduce ^f^. Ans. 93. 

4. Reduce ^K Ans. 63|. 

5. Reduce ^. Ans. 6f = 6J. 

(a) The fraction obtained by the aboye rule will not be in its 
lowest terms unless the improper fraction is in its lowest terms ; 
for the common measure of the numerator and denominator wiU 
also be a common measure of the denominator and remaindei 
(113V 

6. Reduce ^i%^. Ans. 9872^^ = 9872f 

7. Reduce Aa||xp.. 

8. Reduce ^^K 

9. Reduce i^. 



1 
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10. Reduce 7^. 

11. Reduce i^^. 

12. Reduce ^f f Jf *. 

13. Reduce ^^^. 

14. Reduce A||^^ 

Case 7 

131. In 3^ how many 4dis ? 

Since ^ make a unit, there will be 4 times as many 4ths an 
anits ; .*. , in 3 units there will be 4 times 3 fourths = J^, and in 
8^ there will be J^ + J = J^. Hence, 

To reduce a mixed number to an improper fraction, 

Rule. — Multiply the whole number hy the denominator of the 
fracticm ; to the product add the numerator ^ and under the mm 
write the denominator, 

Ex. 1. Reduce 5f to 7ths. Ans. ^ 

2. Reduce 12^ to llths. Ans. xff^ 

3. Reduce 50f to an improper fitiction. ' Ans. ^^^* 

4. Reduce 130 J to an improper fraction. 

5. Reduce 73|. Ans. 4f4. 

6. Reduce 9872J. Ans. aajni 

7. Reduce 19874$. 

8. Reduce 7698|f 

9. Reduce 6942t9^ 

10. Reduce 46358/^. 

11. Reduce 276t7Vb- 

12. Reduce 3562 y^^. 

13. Reduce 12345yy^^. 

14. Reduce 6789 ffyig^. 

(a) To reduce an integer to a firaction having anj giren de 
iominator:^— i[ft^^^/i^ the integer hy the proposed denominator^ 
mud under the product write the denominator (60). 
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5. Reduce 9 to a fraction whose denominator is 5. 

Ana. V- 

16. Eeduce 7 to a fraction whose denominator is 1. 

Ans. i (127, d). 

17. Kednce 87 to a fiuction whose denominator is 87. 

18. Reduce 7345 to a fraction whose denominator is 372 

19. Reduce 47 to a fiuction having 18 for a denominator. 

20. Reduce 734 to a fraction having 173 for a denominator. 

Case 8. 

133. The complex fi*action — equals what simple fraction f Cj 

T 



The operation required is only to divide a fraction by a fra» 
iion; thus,i- = i^4 = iX t = f*. Hence, 

To reduce a complex fraction to a simple one. 

Rule. — First, if necessartf, reduce the numerator and denand^ 
natar of the complex fraction each to a simple fraction ; then 
divide the fractional numerator hy the fra^ional denomincAm 
(128). 

24 
Ex. I. Reduce ^ to a simple fraction. 

2* R/^uce ~~ to a simple fraction. Ai^ \\\ 

8# 
8 Reduce =-^1 to a simple fractioiL 

ft. 

4. Reduce ^ to a simple fraction. 

5. Reduce -| to a simple fraction. 



6. Reduce ^ ^ ^ to a sunple fraction 

19A 

7* 
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7. Reduce ^ to a simple fraction. 

(a) The above rule is alwajs applicable, but examplcd like 
the 7tli may also be reduced by Art 126 ; thus, 

I = ♦ -f- 6 = A» Ans. 

This example may also be reduced by multiplying both 
iumerator and denominator of the complex fraction by 7 (60 
Dor.) ; thus, 

g = g X f = irV> -A^* as before. 

JL. 

8. Reduce |^ to a simple fraction. Ans. y^Vr* 

9. Reduce H to a simple fraction. a^ 

7 

10. Reduce » to a simple fraction. 

7 7 

(b) 3 = 3 X i = -^ 5 i« e. a whole nurnber is divided 5y a 

traction by multiplying the whole number by the denominator 
k«id then dividing the product by the numerator. 

19 

11. Reduce tt to a simple fitiction. 



12. Reduce -^ to a mixed number. 

18. Reduce r — ^ ,* ^ - to a mixed number. 
I of I of ^ 

tA U A ?0f Joff Ofjjl . .^ . , _ 

14. Reduce ;^f-^^ ^-^ y^^ ^ '^ «"^P^^* ^"^ 



t 
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Case 9. 

133« Fractions having like denominators are said to haye r 
common denominator; thus, | and f have a common denomini^ 
tor ; so, also, have ^, -^ and ^ ; but f and f have not ; how- 
ever, f and 4^ will be changed to equivalent fractions having a 
common denominator, if the terms of the 1st be multiplied by 7, 
and the terms of the 2d by 3 ; i. e. if the terms of each fraction 
be multiplied hj the denominator of the. other (60, Cor.) ; thus, 

| = JXf = M, andf = f Xf = M; i.e. §and f = H 
and ^, fractions that have a common denominator. 

Similar explanations may be given when there are more than 
2 fractions. Hence, 

To reduce fractions to a common denominator, 

Rule 1. — Multiple/ aH the denominators together for a eom^ 
mon denominator, and multiple/ each numerator into the continued 
product of aUthe denominators except its own, for new numer* 
ators, 

Ex. 1. Reduce f, f , } and | to a common denominator 

5x7x9xB = 2520, common denominator, 
3X7X9X8 = 1512, 1st numerator, 
5X4x9x8 = 1440, 2d numerator, 
5X7X2X8 = 560, 3d numerator, 
5X7X9X3 = 945, 4th numerator; 

.-. f , ^, I and I = iUS, it J^, ^fiftSy and ,ft^, Ana. 

2. Reduce ^, ^, -^ and || to a common denominator. 

Ans. T^^o.T^, ^7^^, ^0 3|| and llf 19. 
8. Reduce |, f, f and f. Ans. Jfg, Ji^, iU and fjg. 

4* Reduce i^, ^, f and J. 

5. Reduce J, ^ and ^^j. 

6. Reduce ^ft-, ^, ^ and fy. 

7. Reduce f , ^f, f , ^ and f * 

8. Reduce |, f and ^. 
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9. Red ace ^jy f, \ and \. 

10. Reduce \, |, f and §. 

11. Reduce JgL, f, f and J. 

12. Reduce ^^, ^^ and H- 

13. Reduce ^, y^ and ^^ 

14. Reduce J§, if, if i* and t»t 

(a) The above rule is always applicable, but it will not always 
give the least common denominator; this, however, may be 
effected by the following : — 

Rule 2. — Reduce each fractiimy if necessary ^ to its lowest 
terms (129) ; Jlnd the least common multiple of the denominators 
(114) for a common denominator; andj having divided this 
multiple by each denominator, multiply the several quotients by 
the respective numerators, for new numerators. 

Note 1 . — Each of these rules is founded on the principle that multi- 
plying both terms of a fraction by the same number does not alter its value 
(60, Cor). 

15. Reduce |, -j^, ^ and ^ to their least common denomi> 
nator. 

? A JL 11 2X2X2X3X3 = 72, 
2)8' 12' 18' 2 4 least common multiple of de 

nominators. 
^/ X 3 = 27, 1st numerator. 
^J X 5 = 30, 2d numerator. 

\\x 7 = 28, 3d numerator. 

1 3 1 51 X 11 = 33, 4th numerator. 

••• i ^1^ A a«d ij = ^}, ^, ?| and ^, Ans. 

16. Reduce ^, |J, ^j and ^. 

Ans. mh mh 3vy\y ^^ a%- 

17. Reduce }, f, ^^ ^^"^ !• 

18. Reduce \, f^j /f ^^ -h- 

19. Reduce ^, y'y, -f^ and ^. 

20. Reduce ^^j A> A and JJ. 



2)4, 


6, 


9, 12 


2)2, 


3, 


9, 6 


8)1, 


8, 


9, 8 
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21. Reduce t^, /r, ^ and ^f. 

22. Reduce J, if, ^ and ^. 

23. Reduce §, |, J, ^j and ^. 

24. Reduce ^^, -/^ and ^. 

NoTB 2. — The first clause of Rule 2 is omitted hy many aathora, bni 
Us necessity is apparent irom 

Ex. 25. Reduce {, ^ and ^ to equivalent fractions having 
the least common denominator. 

Disregarding the first clause of the rule, we find 72 to be the 
least common multiple of the denominators, and the fractions, |, 
i*g and -]^, reduce to f f, f f and f f ; but, regarding the first 
clause, we have f , -^ and f^ = f , ^ and i = A, A ^^^ !%■ 
which have a common denominator less than 72. 

26. Reduce |, -^ and i^. Ans. }, J and ^. 

27. Reduce f, ^ and \i. 

28. Reduce ^, ^ and ^. 

29. Reduce ^j and ^^. 

30. Reduce ^ and ij^. 

Note 3. — In this and the following cases, each fraction shonld, if necM 
•ary, be reduced to a simple form before applying the rule. 

31. Reduce § of | and ^ to a common denominator. 

? of 5 = /,; ?| = ^ -1. V= W; but 

^, ^^ and H» = hm and mi Ans 

52- 

32. Reduce — and 5 J to fractions having a common denom 

aator. Ans. ^^^ wiJ /J J. 

QQ o ^ t of 4J 5fy , J of I of 7 . 

33. Reduce ^-r^ — -, — ^^ — and ^r^ — -, — . 

63^ ' i of T?^ 3 X f X 4A 

84. Redu4^ J of f, 2 J, ^ and f. 

85. Reduce 5, ^, | of §, y and J. 
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Case 10. 

134* As 1 penny is equal to 4 farthings, so any fraction oi 
A a penny is 4 times as great a fraction of a farthing ; e. g. |d. =: 
Jqr., -Jd. = f qr., etc Hence, 

To reduce a fraction of a higher denomination to one of a 
lower, 

KuLE. — Multiply the fraction hy such numbers as are neees 
sary to reduce the given to the required denomination, 

Ex. 1. Reduce ^^s. to the fraction of a farthing. 
^. (= ^gd. X 12) = Jd. (= 5qr. X 4) = ^r., Ans.; or, 
7Xl2X4 _ 7x^gX4 _28_ .„,,,,. 
36 = M 8 "S"*^ ' 

2. Reduce ^f^ of a ton to the fraction of a dram. 

7X20X4X25X16X16 _ 7 X g0 X ^ X 25 X 16 X 16 
240 • ~U0 ii 8 

44800^ ^ 
= — r — dr., Ans. 
o 

3. Reduce ^ of a rod to the fraction of a barleycorn 

11 6 
10 X 16^ X 12 X 8 lOxnXiiX^ 1980, . 
21— = Wxi = -^b.cAiif 

7 

4. Reduce ^J^ of a pound Troy to the fraction of a grain. 

Ans. ^^A. 

5. Reduce ^j^ of a pound Apothecaries' weight to the fraction 
•f a grain. Ans. A^*. 

6. Reduce j^jj of a day to the fraction of a second. 

7. Reduce J of a bush, to the fraction of a pint 

8. Reduce ^gal. to the fraction of a gill. 

9. Reduce ^yd. to the fraction of an inch, cubic measure 

10. Reduce yj^ sign to the fraction of a seconcL 

11. Reduce y\|<sq. m. to the fraction of an inch. 



X 
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12. Boduce jfm. to the fraction of alinS. 

13. Tveduce T^TiTTir^^- ^ ^® fraction of a second. 

14. Reduce ^f^acres to the fraction of a square jard. 

15. Reduce ^^sjd. of cloth to the fraction of an inch. 

16. Reduce ^circ to the fraction of a second. 

Case 11. 

I3«5* In 15 barleycorns there is only | of 15 inches, so in { 
>^ a barleycorn there is only ^ of f of an inch ; in f of a peck 
there is but J of ^ of a bushel, etc Hence, 

To reduce a fraction of a lower to a fraction of a higher de- 
nomination, 

Rule. — Divide the given fraction hy stick numbers <u an 
required to reduce the given to the required denomincUionm 

Ex. 1. Reduce ^-qr. to the fraction of a shilling. 

Vqr. (= i^. -1. 4) = Id. (= Js. -1- 12) = ^/^s., Ans. ; oi, 

*«* 7 7 . , . 

rr = -T-rS,, Ans. as before. 

3 X rf X 12 36 ' 

2. Reduce i^i^l^fl^dr. to the fraction of a ton. 

3 X 1^0 X -r$ X «^ X 4 X 20 240 ' 

8. Reduce -MjP-o^b. c. to the fraction of a rod. 

10 

1980 _i n0 t$0 ^_12rd Ana 

7X3X12x3X5J""7x3xi)^X0X^^ 21 ' 



4 Reduce ^^^gr. to the fraction of a pound Troy weight 

Ans. yj^. 

5. Reduce ^f ^gr. to the fraction of a pound Apotliecarief 
ireight 

6. Reduce J^^sec to the fraction of a day. 

7. Red lice ^g^pt. to the fraction of a busheL 



// 
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8 Reduce f f gills to the fi:«ction of a gallon. 

9. Reduce ^J-f ^^^c in. tc the fraction of a yard. 

10. Reduq^ -M^sec to the fraction of a sign. 

11. Reduce i^aA^a&aasq. in. to the fraction of a mile. 

12. Reduce x^^^Q.a links to the fraction of a mile. 

13. Reduce ^ec. to the fraction of a week. 

14. Reduce ^f^^jds. to the fraction of an acre. 

1 5. Reduce fin. to the fraction of a yard. 

16. Reduce ^^^^%ec to the fraction of a circumference 

Case 12. 

-) 136. i£ = Vs. = ^^' = Sis.; again, is. = J^. = 4d 

/ V, • |£ = 3s. + 4d. Hence, 

To reduce a fraction of a higher denomination to whole num 
bers of lower denominations, 

Rule. — Reduce the given fraction to a fraction of the next 
lower denomination by Oase 10 ; then^ if the fraction is improper 
reduce it to a whole or mixed number by Case 6. If the result u 
a mixed number, reduce the fractional part of it to the next lower 
denomination, as before, and so proceed as far as desirable. 

Note. — If, at any time, the reduced fraction is proper, there will be nt 
vrhole number of that denomination. 

Ex. 1. Reduce ^ of a shilling to pence and farthings? 
1 1%. (= J^d. X 12) =^3^1. = 5 Jd., and id. (= Jqr. X 4) = 2 qr 
. » .'. JJa. = 5d. -|- 2qr., Ans. 

2. Reduce ^ of a furlong to rods, yards, etc. 

^^ fur. (= /^rd. X 40) = -i^rd. = d^rd. ; again, 

|I^rd. (= ^jd. X 5 J = ^ij- X V) = ijd-j a proper fraction { 

again, Jyd. (= Jft. X 3) = Jft. = 1 Jft; and, finally, 

Jfl. (= Jin. X 12) = 6 in. ; 

.'. ^f\ir. = 9rd. 0yd. Ifl. 6in., Ana. 
S. What is the value of -j^ of an acre ; 

Ans. 2r. 5rd. 10yd. Oft lOSin. 
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4. What is the value of ^j of a pound Troy ? 

5. What is the value of /^ of a pound, Apothecaries' wei^jht? 

6. Reduce /^ijlb., Avoirdupois, to ounces and drams. 

7. Reduce y^ of a mile to furlongs, chains, etc 

8. Reduce ^g of a cord to cord feet, cubic feet, etc 

9. Reduce -^^ of a yard to quarters, nails, etc 

10. Reduce ^^ of a gallon to quarts, pints, etc 

11. Reduce f^bush. to pecks, quarts, etc 

12. Reduce f of a Julian year to lunar months, etc 
18. Reduce ^circ. to signs, degrees, etc 

14. Reduce f of a league to miles, furlongs, etc 

15. Reduce ^ of a ton to cubic feet and inches. 

16. Reduce Jf of a civil year (365 days) to days, etc 

17. Reduce ffiS^b. to ounces, drams, scruples, etc 

18. Reduce ||^|H^^^ ^ signs, degrees, etc 

Case 13. 

137. 3 farthings are the same as } of a penny; again, 6a. ^ 
-f Iqr. = 25qr., and Is. = 48 qr. ; .% 6d. and Iqr. = fj*- 
H^nce, 

To reduce whole numbers of lower denominations to the frac 
tion of a higher denomination. 

Rule 1. — Reduce the given quantity to the lowest denominc^ 
Han it contains^ for a numerator ; and reduce a unit of the 
higher denomination to the same denomination as the numerator^ 
for a denominator, 

Ex. 1. Reduce 5d. and 2qr. to the fraction of a shilling. 

5d. -f- 2qr. = 22qr., and Is. = 48qr.; 

.*. 5d. 4- 2qr. = J|s. = J^s., Ans. 

2. Reduce 9 rods, 1 foot and 6 inches to the fraction of a fim 
long. 

9rd. IfL 6in. = 1800in. and Ifur. = 7920in. ; .-. 

9rd. Ift 6in. = f f^Jfur. = ^fyir.y Ana. 
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(a) Jo Ex. 1, 2qr. are equal to ^ ; .*. 5d« and 2qr. are equal 
to 5Jd. = -y d. = -j^ of -y^s. = J^s., Aug. 

In Ex. 2. Gin. = Jft.; IJft. = ijd. = ^rd. and 9^^^^. = 
i^rd. = ^fur., Ans. as bj Rule 1. Hence, 

Rule 2. — Divide the number of the lowest denomination given 
by tlie number 'Required to reduce it to the next higher denomina* 
iion, and annex the fractional quotient so obtained to the given 
number of that higher denomination ; divide the mixed number 
90 formed by the number required to reduce it to the next higher 
denomination, annex the quotient to the given number of thai e- 
naminaton, and so proceed as far as necessary. 

Note 1. — This rule is frequently preferable to the 1st, because it enablef 
fef )o ase smaller nambers and gives the result in lower terms. 

d. Reduce 2r. 5rd. lOjd. OfL 108in. to the fraction of an acre. 

Ans. ,V 
4 Reduce 4oz. Gdwt. 9}gr. to the fraction of a pound. 

Ans. 1^. 

Note 2. — ^In Example 4, by Rule 1, reduce 4oz. 6dwt. 9^ gr. to Jifths of 
a grain for a numerator, and lib. to fifths of a grain for a denominator 
How shall it be done by Rule 2 ? Which mode is preferable 1 Why ? 

5. Reduce 73 to the fraction of a pound. 

6. Reduce 2oz. 4^dr. to the fraction of a pound. 

7. Rciluce Ifur. 4ch. llli. ^^^in, to the fraction of a mile. 

8. Reduce 7 cord feet, 9 cubic feet and 1036^ inches to tha 
fraction of a cord. 

9. Reduce Iqr. Ina. ^in. to the fraction of a yard. 

10. Reduce 2qt. Iffgi. to the fraction of a gallon. 

11. Reduce 2pk. Iqt. l^^^pt. to the fraction of a bushel. 

12. Reduce 1 Ijn. dwk. 3d. 4h. 17m. Sfsec. to the fraction of 
a Julian year. 

13. Reduce Is. 10® to the fraction of a circumference. 

14. Reduce Im. 2fur. 11 rd. 2yd. IfL 24b. c to the fractioD 
of a league. 

15. Reduce 8fl. 576in. to the fraction of a ton. 
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16. Reduce 256d. 20h. 26m. 40sec to the fraction of a civil 
fear (365 day^). 

17. Reduce 11 S 73 29 18gr. to the fraction of a pound. 

18. Reduce 8s. 25® 30' 20" to the fraction of a circumference 

Case 14 

138« If numbers of the same kind are added together, their 
turn will be of the same kind as the numbers added; thus, / 
8 books -|- 4 books = 7 books ; 3 hats -f* ^ ^^^ = 7 hats ; 
and for a like reason, J-f*| = i5 i^ + A=ft> ®*^v ®*^ 

(a) Numbers of different kinds cannot be united bj addition ; 
thus, 3 hats -f- ^ books are neither 7 hats nor 7 books ; so ^ -f" 
I are neither ^ nor { ; but numbers that are unlike may some- 
times be made alike by reduction, and then added ; thus, 

f + t = iJ + H(i33) = tJ. 

(b) Agam, 2bush. -f~ ^P^* <^e neither 5bush. nor 5pk. ; but 
2bush. = 8pk., and then 8pk. -f- 3pk. = llpk. ; so f bush. + 
^pk. are neither f bush, nor f pk. ; but f bush. = f pk. (134), and 
then f pk. -f- ^pk. = V^pk. Hence, 

To add fractions, 

Rule. — Reduce the frcLctionSj if necessary^ first to the satM / 
denomination^ then to a common denominator; after which/ U 
write the sum of the numerators over the common denominator. 

Ex. 1. Add -^j and ^ together. Ans. \\. 

2. Add fV, ^^ and ^ together. Ans. \%, 

3. Add T*^, T^, ^ and \^ together. Ans. f§ = 2^^. 

4. Add ^^ and \\ together. Ans. \% = li^ = 1 J 

5. Add y\, T^» f^ and ^ together. Ans. > | 

6. Add ^0, J§, -^-Q and ^^ together. 

7. Add ^^Q, /^'\y, ^js and ^^^^ together. 

8. Add zft, 5^, ^-s, ^j, \\ and gj together. 

9. Add 2^, /^, ,?y, \l and ^ together. 
10. Add ^,, \%, ^1, |§, f J and ^ together. 
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11. Add together |, ^^ and •^. 

H-TV + T\ = J|4.ff + H(133,a) = ii=liJ,Aiie. 

12. Add together f, f^ -ft- and ^. 

»H-*+T^T + f = im + Hf » + m% + iSI J (133) = 

l|ff5, Ans. 

13. Add together f, f, f and/^. Ans. 2i^iy 

1 4. Add together ^, ^-^^ f and ^. 

15. What is the sum of {, j®^, J and Jj ? 

16. What is the sum of |, ^, -fj, $ and J ? 

17. What is the sum of |J, ^y, ^^ and Jf ? 

18. What is the sum of I of ^, J of | of |P^ and J of f ? 

Ans. ly^ 

19. Add together -f , J and ^ of f Ans. 2iyj J. 

5 

20. Add together — , J of J, f and f . 

3i 

21. Add together J of J, ^, -^ and J. 

22. Add ^s. to ^. 

Js. + Jd. = Jj^.+ id. = f fd. + T^i. = Hd. = 2{id,, Ans. , 

or, |s. + id. = is. + J^s. = -^^s. + yf ^8. = ^Ws-j 2d Ans. = 

1st Ans. 

23. Add igal., iqt and f pt. together. 

Note. — The answer. to the 23d example may be the fraction of a gallon, 
of a quart or of a pint ; thus, 

Ist, igal. -f. iqt -f. ?pt. = igal. + j^gal. -f- ^gal. = Jfggal 

-h Aogal- + iVogal- = HSgal- = i^gaJ., 1st Ans. 
2d, Jgal. + iqt. -h ?pt. = fqt. + iqt + fqt = ji^qt. + ^Vsq*- 

+ iV^qt. = ISSqt. = l^M^, 2d Ans. 

Hd, Jgal. -f jqt. + f pt. = fpt. + f pt. ^ f pt. = ^S«pt. + tVsP* 

-h T%pt. = m = 3TVirPt., 3d Ans. 

24 Add together f of a ton and J of a hundred weight. 
25. Add together Jbash. {pk. and ^t. 
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26. |wk. -|- |d. -|- fh. -f- f ni. = what fractiou of a week ? 
day ? hour ? minute ? 3d Ans. ^fif h. = 4di^h. 

27. Add together fib. |5 f 5 and %9. 

28. Add together | and ^. 

1 1_9 + 7_16 

7 + 9 — 7^9 — 68'^^ 

29. Add together f and f . 

^ I 2_ (9-f 7)X2 _82 

7 + 9— 7X9 — 68'^"^" 

(c) What is the easiest mode of adding two fractions thai 
have a common numerator f 

80. Add together -j^ and ^, 

81. Add together f and ^. 

82. Add together Jf and J^ 

83. Add together ^ and ^. 

(d) Mixed numbers may be added hy first reducing them to 
improper fractions and then to a common denominator, etc. ; but 
it will be easier and .*. better to add the fractional parts and then 
add that sum to the sum of the integral parts. 

84. Add 3| and ^. Ans. SfJ. 

85. Add 5J, 4^8^ and 16f 

86. Add 8f, 2J, 3| and ^. 
S7. Add 7J, 3i, 5J, 4f and 5f. 

88. Add % ^, 4f and J of ^. 

Case 15. 

I39» To subtract a less fi-action from a greater, 

Rule. — Prepare the fractions as in addition^ and then writr • ' ■ 
the difference of the numerators over the common denominator. 

Ex. 1. From | subtract |. Ans. ? = i. 

2. From %^ take ^. Ans. gj. 

8* 
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3. From ^ take ^. 

4. From J^ take i\. 

5. From f J take J|. 

6. From f f take |^ 

7. From f f take Jf . 

8. From J take J. 

(a) J — i = }J — if = iJ, Ana. (See 138, a.) 

9. From ^§ take if. Ans. ^fiffy, 

10. From |f take i|. 

11. From ^f take -fj. 

12. From f J take J. 

13. From if take if. 

14. From f | take i|. 

15. From J of i take J of f . 

Jofi-iof § = i — i = T9^ — A = AiAn8. 

16. From t of | of ft take A of /^ of i|. Ans. f J. 

17. From « of ft of || take J of H o^ A- 

18. From j| take ^. 

j| = ^ = V -r- ¥ = ¥ X A = ft ; 1 Complex fractioni 
-^ JjL > reduced to simple 

^ = ^ = V~¥ = VX/r = iff;Jones. 

*! - m = \m - mi = nn = ^^,AnB. 

7^ 4? 

19. From -^ take ^ 

20. From is. take id. 

(b) is. — Id. =rij?d. — id. = f|d. — ftd.= Hd. = 2ftd., Am. 
or, is. — id. = is. — y^s. = T^. — -rfxjs. =. ^s., 2d An§. 

(138, b.) 

21. From igal. take iqt. Ans. iJgal. or Iftqt. 

22. From |ton take icwt 

23. From ^wk. take fh. 

24. From f d. take fm. 
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25. From fib. take f^. 

26. From ^ take ^. 

27 From f take f . 

2_2^ (9-7)X 2^£ 

7 9 7X9 68' 

28. From ^ take ^. 

29. From J take ^. 
80. From ^ take V* 
31. From ^ take ^. 
82. From f | take }f 
88. From 8^ take 2^. 

(d) 8 A - 2^7^ = 7H — 2/r = 5 A, Ans. (188, d.) 
84 From 9^ take 1|. 

9i — If = 8J — If = 8|| — 1 A = 7A, Ans. 
S5. From 19f take 14^. Ans. 4||. 

86. From 46^%^ take 27 A- 

87. From 27^ take 13f . 

88. From 146^ take 24^ 

89. From 276 take 72f 
40. From 82f take 71. 

140. Miscellaneous Examples in Fractions. 
Ex. 1. Divide ^ X 72J by § of J of 9 J. Ans. 9f . 

i. Multiply I? -1. J by J of 8f . Ans. 8§. 

8. Add f £ ^s. ^ and f qr. together. 

4 Reduce 4^ rods, 2} yards, 2^ feet and 7| inches to tha 
faiction of a furlong. ^ 

6, Subtract i of -ft: from -f X 2^. 

H 
6. Beduce ^ of a gallon to whole numbers of lower denomini^ 

tions. 
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7. If lib. of veal is worth 12 J cents, what is the value of 12 1 
lb.' 

8. A firkin contains 33 ^Ib. of butter; what is the Value of the 
butter at 23^ cents per lb. ? 

9. If I of a bushel of wheat is worth $1 J, what is the value 
of 25 f bushels? 

10. Paid $6-]^ for 8| bushels of potatoes ; what should I pay 
for 27i bushels? 

11. Divide $144 among 5 men and 7 bojs, so that each man 
sfaall receive J as much as a boy ; what will each receive ? 

Ans. Each man, $14} ; each boy, $10^. 

12. If I5bbl. of flour cost $157^, what will 7ibbL cost ? 

13. If 2^ cords of wood will pay for 33 J gallons of molasses, 
what quantity of wood will pay for 7^ times 33^ gallons of 
molasses ? Ans. 18 j cords. 

14. If ^ of a bushel of oats cost 42 cents, how many oats 
may be bought for $8,2^^ ? Ans. lO^bush. 

15. 32 is I of how many times J^ of 12 ? Ans. 9 tiipes. 

16. 36 is f of how many times 9 ? 

17. ^ of 28 is J of how many fifths of 15 ? 

18. 5 of 15 is T*^ of how many eighths of 88 ? 

19. What is the value of 11 ^yd. silk at | of a dollar per yd.? 

20. Sold a watch for $87^, which was | of its cost ; what was 
lost by the transaction ? 

21. Reduce |^}} to its lowest terms. Ans. ^. 

22. How many cubic feet are there in ^ of a cord of wood, 
ftnd what is its value at $5^ per cord ? Ans. 104^ ft. ; $4^. 

23. Bought 73}bush. com for $64|| ; what is the value of 
64bush. at the same price ? Ans* $56. 

24. Reduce § of a fiuthing to the fttiction of a pound. 

Ans. TiW* 

25. What is the value of 72 Jib. plums, at 27| cents ? 

Ans. 2003Hcts. = $20.03 JJ. • (34, Note 4.) 

26. How many cubic feet in a box that is 6}ft long, 5{li 
vide and 3jft deep 
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17 2 

H X «l X 8J (77) = g- X y X y = g ^ g X 5 ^ 

^ = 117i|,Ans. ' 

NoTB. — In solying problems, it is desirable to cancel (127, a, Note Xj 
M much as conyenient. 

27. How many dozen botdes containing If pints each are 
required to bottle 68 gallons of wine ? Ans. 24. 

28. What is the value of my farm, which contains 73^ acres, 
worth $964 per acre ? Ans. $7025.86-j*r. 

29. What cost 176dilbs. sugar at 6^cts.? Ans. $110.19}. 

30. If it costs $8 J to carry 13cwt. 3qr. Si^lb. 19^ miles, how 
fiu: may it be carried for $64^^ ? Ans. 139-|% miles. 

31. How many square feet of boards will be required to make 
3 dozen boxes whose inner dimensions shall be 3^ feet in length 
and breadth and 2 j^ feet in depth, the boards being 1 inch in 
thickness ? Ans. 2129. 

32. How many feet will be required to make 36 boxes whose 
outer dimensions are as expressed in the preceding example, 
the boards being of the same thickness; and what is the differ- 
ence of the capacities of the two sets of boxes in cubic inches ? 

Ans. 1907ft. J 274608c. in. 

33. If 2|yds. cloth cost $7.70, what will J of | of a yard cost ? 

Ans. $1 1. 

34. Bought f of a 12 acre lot and sold J of the part pur- 
chased; how much had I remaining? Ans. 4^ acres. 

35. The trans- Atlantic telegraph (mentioned page 26, Ex. 69) 
18 to extend from St John's, Newfoundland, to Valencia, Ireland, 
1640 miles in a straignt line ; to allow for deviations from a 
straight course, inequalities of the sea-bottom, etc., the cable is 
to be 1|| as long as would be required for a straight line; tlie 
iron wires in each bundle are twisted together, and the bundles 
run spirally around the cable. Now, supposing it necessary to 
iniTease the length of the wire 1 foot in every 20, in consequence 
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of twisting tlie wires, and 1 foot in 24 because of the bundles' ru& 
ning spirally, what length of wire will be required for the cable ' 

Ans. 362031^ miles. 
86. The trans-Atlantic telegraph cable is to weigh 1 ton per 
mile ; what will it weigh per foot? 

37. If it require 3^ bushels of oats to sow an acre, how many 
bushels will be required to sow 7^ acres ? Ans. 23 f. 

38. If I pay $lf per gallon for oO, what skill I pay for 18 j 
gallons? Ans. $18^^. 

39. A pole 12^ feet long casts a shadow 3|^ feet at 12 o'clock ; 
what is the length of the shadow cast by a steeple 133| feet 
high, at the same time ? Ans. 337^^1^. 

40. If a pole 12^ feet long casts a shadow 3|^ feet at 12 
o'clock, what is the hight of a steeple that casts a shadow 33^ 
feet at the same time ? 

41. Bought 7 yards of one kind of cloth and 3^ times as maoy 
yards of another kind ; for the former I paid ^ as many dolk^T? 
per yard as there were yards of the latter, and for the latter | 
as much per yard as for the former. What was the price j>ei 
yard of '^^ and the cost of the whole ? 

( J^tV? price of fomrx. 
Ans. •< $lgj, price (flatter. 
(. $66^^, total cost. 

42. if the cargo of a ship be worth $7?000, and if f of J of j 
of the cargo be worth t of } of -{f of the nhip, what is the value 
of the ship ? Ans. $24000. 

43. Of the inhabitant? of z» certain town, f are farmers, f 
mechanics, ^ manufacturers, ^ students and professional men, 
and tlie remainder, nurrkbAring 142, are engaged in various occu 
pations. What i? the population of the town. Ans. 5040. 

44. A rktrU^ r^^m is 16J feet in length, 15 feet, in width, and 
8§ feet IP Ixeighc In this room are 4 windows, each 3 feet wide 
by 4 J feet aigh, having 12 panes in each window ; also, 4 doors, 
each 3^ feet wide by 8 feet high ; the base-boards are | of a fool 
wide. A glazier furnishes and sets the glass for 15^ cents per 
pane, a painter paints the doors, base and floor for 3| cents pt,i 
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square fo(H, and a mason plasters the room for 22^ cents per 
square yard. What is tht cost of glazing, painting and plaster- 
ing ? Ans. $34.94|. 

45. What would be the cost of caipeting the room mentioned 
in Example 44, the carpet being a yard wide and costing $1| 
per yard ? Ans. $36§. 

46. What is the cost of papering the above room, the paper 
costing ^jj of a dollar per roll, each roll containing 17if yards, 
the paper being 1| feet in width, the paper-hanger charging j 
of a dollar per roll for hanging it ? Ans. $2^^. 

47. A merchant bought 48j lbs. butter of one customer, 28^ 
of another, 25^ of another, and 56f of another; how many 
pounds did he buy, and what is the value of the lot at 22^ cents 
per pound ? Ans. 158 j| lbs. ; $35.73^. 

48. A purchased 22 lbs. sugar at 6^ cents, 10 lbs. tea at ^ of 
a dollar, 50 lbs. rice at 4^ cents, 1 bbl. flour at $6^ and 38 yards 
of sheeting, and gave 2 ten-dollar bills to the merchant, who 
returned $3| ; required the price per yard of the sheeting ? 

Ans. 8^cts. 

49. How many times will a wheel that is 9^ feet in circum- 
ference, turn round in running 17 j miles ? Ans. 10041^. 

50. The distance &om the earth to the sun is about 95000000 
miles ; in what time will a car run that distance, running 37^ 
miles per hour, allowing 365^ days in a year ? 

Ans. 288y. 363d. 13h. 20m. 

51. A farmer, owning 142^ acres of land, sold 53a. 3r. 20rd. ; 
how much had he lefl ? Ans. 88|a. 

52. A farmer, owning 144^ acres of land, cultivated 2^ acres 
potatoes, 3^ com, 3^ wheat, 1| rye and 1| oats, from which he 
harvested 250 bushels potatoes, 56^ com, 32;J^ wheat, 25 rye and 
62^ oats per acre, respectively. He also cut 2^ tons hay od 
each of 20^ acres, and, upon the remainder of his land, he pas- 
tured 56 sheep, 12 cows, 2 pairs oxen and 3 horses for 25 weeks. 
He sold his potatoes, com, wheat, rye and oats at 62 J, 87 J, 162^. 
100 and 45 cents per bushel, respectively ; he sold his hay ai 
Sl2i per ton, and received 4, 25, 40 and 50 cents each pex 
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week, respectively, for pasturing the sheep, cows, oxen and 
horses. What were the net profits of this farm, supposing that 
he paid $32 taxes, and that the cost of cultivating and harvesting 
the potatoes, com, wheat, rye, oats and hay was $35, $35, $33, 
$25, $15 and $6 per acre, respectively ? Ans. $1070.282|. 

53. 'A merchant, owning § of a ship, sold f of his share for 
$3000 ; what was the value of the ship ? Ans. $12000. 

54. The cargo of a certain ship is worth $48000, and ^ of the 
value of the cargo is ^ the value of the ship ; what is the ship 
worth? Ans. $12000. 

55. In a certain school ^ the scholars study arithmetic, J 
algebra, ^ geometry, and the remainder of the school, viz. 10 
scholars, study surveying ; how many scholars are there in the 
school? Ans. 200. 

50. a + * + f-§ + i + 4)X5j=? Ans.l2HJ. 

57. ? + * + (t-§ + i + i)X5j=? Ans.6S|J. 

58. A-T-2 + TVX4 — i^i — ^XJ = ? Ans. lyf^. 

59. ^ ^ (2 + i) — f ^ 12 = ? Ans. t2,. 

«0. fof^ + ^-i-lf + aof^+iXD-r-i-l-X 

8=? Ans. l^J. 

61. £| + f s. + -J^d. — Jqr. = what fraction of a pound ' 
what fraction of a shilling ? penny ? farthing ? 

; 1st. Ans. £tW^. 

62. 27| is a divisor,' and 5^/ is the quotient ; what is the 
dividend ? ^ Ans. 148. 

63. The sum of two numbers is 87 J, and one of the numbers 
is 18 J ; what is the other ? Ans. 68 ^j. 

64. The' difference of two numbers is 17§, and the less num 
ber is 18^ ; what is the greater? Ans. 35-J-J. 

65. 48| is a dividend, and 24| is the quotient ; what is the 
divisor. Ans. 2. 

66. 47 J is the product of two factors, and 12 J is one of those 
fiictors ; what is the other ? * Ans. 3|f |. 

67. 17§ is a dividend, and 15 J is the divisor ; what is the 
luotient? Ans. 1^^' 
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68. The factors of a certain number are 82^, 15 f and 19f ; 
irhat is § of I of I of the number ? Ans. 3223H- 

69. What is the value of | of a barrel of flour at $7^ per 
barrel? Ans. $5^. 

70. How much doth that is f of a yard wide will it take to 
line a cloak containing 8:^ yards which is \^ of a yard wide ? 

Ans. 12JI yds. 
7L A can build 33^ rods of wall in 24^ days by laboring 12^ 
hours per day ; in how many days of 9f hours will he build 1^ 
times as many rods ? 

72. A garden whose breadth is 10 rods, and whose length is 
1| times its breadth, has a wall 3^ feet thick around it ; what 
was the cost of digging a trench 2| feet deep, in which to laj 
this wall, at j^ of a cent per cubic foot ? Ans. $62.94|. 

73. What will be the cost of digging a ditch around the above- 
mentioned garden, within and adjacent to the wall, 3^ feet wide 
and 2| feet deep, at § of a cent per cubic foot ? 

74. A can perform a piece of work in 6 days of 10 hours 
each, and B can do the same in 8 days of 11 hours ; in how 
many days of 11 hours can A and B together do the work ? 

Ans. S^'y. 

75. A sold an ox for $62.50, and received in payment 12^ 
yards of broadcloth at $3^ per yard and the balance in sugar at 
12^ cenla per pound ; how many pounds did he receive ? 

76. Bought a pair of oxen and a horse for $340 and a wagon 
for § the price of the horse. The oxen cost | the price of the 
horse ; what was the cost of each ? 

77. From a piece of land that is 7f rods long and 7J rods 
Wide, take 3^ square rods and 3^ rods square, and what will 
remain ? Ans. 37 §f square rods. 

78. A owns ^^ of a field, and B, the remainder ; the differ- 
ence between their shares is 7a. 3r. 15^rd. What is B's share ? 

79. A boy, having a number of marbles, gives to one school- 
fellow i of them ; to another ^ of the remidnder ; loses ^ of 
what then remains ; and sells 2^ times as many as he loses, when 
he has but 6 marbles left. How many had he at first ? 

9 
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(M)« 1£ a bmiij ci 5 wnoDS eat f of a banel ot floor m 4{ 
weeks, how much will be snfficieiit for 24| weeks, if the &mdj 
l» increased by } its former nnmber ? 

81* A regiment of 1024 men are to be clothed with doth tliat 
is -^ of a yard wide. Now, if it takes 2f yards of this doth 
for each soldier, how many yards of doth that is J of a yard 
wide will be sufficient to line all the garments ? V 2. d * ' 

82. What number is that which, being increased by f of | oi 
lOf and the sum diminished by 7^, will give a remainder of 9^ 



i 11. DECIMAL FRACTIONS. 

141« A Decimal* Fraction is a fraction whose denomina- 
k>r is a unit with one or more ciphers annexed. 

1 43« The denominator of a Vulgar Fraction may be anf^ 
number whatever^ and the form op the denominator of a 
Decimal Fraction is its distinouishino characteristic. 



|3, Every principle and every operation in Vulgar Frao- 
tiooj is ccjually applicable to Decimals ; t but the peculiar form of 
the denominator gives facilities for operating in Decimals that 
io not exist in Vulgar Fractions. 

144* The denominator of a dedmal fraction is not usually 
expressed, since it can be easily determined, it being 1 with as 
many ciphers annexed as there are figures in the given decimal 

I4«S* A decimal fraction is distinguished from a whole num* 
ber by a pointy called the decimal point or separatrix, placed 
before the decimal ; the first figure at the right of the point if 
tenths; the second, hundredths; the third, thousandths; etc.,. 
tlius, .6 = Vt, .25 = ^, .042 = ^Ujj. 

^ Decimal^ fVom tho Latin decern, ten. 

I By the tsrm deciwud we asuAlIy meen a dbcimai. raAOTioii. 
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14:0« Since whole nmnbers and decimal fractions both 
decrease hj the same law from left to right, they may be 
expressed together in the same example, and numerated as in 
the following 

NUMERATION TABLE. 



i 







I 1 "s I 

I"! 1 1 1 



(9 § 9 fl 

" W S ^ 



H 
6 



5 9 8 



7 




i 
^ 



i^LV* The integral number ip numerated frx)m the separatrir 
toward the left^ and the fraction from the same point toward the 
right, each figure, both in the whole number and decimal, taking 
its name and value by its distance from the decimal point. 

148* In reading a decimal, we may give the name ;o each 
figure separately, or read it as a whole number and give the 
name of the right hand figure only ; thus, the expression .23 
may be read ^ and jj^, or it may be read -j^, for ^ and j§, 
= iWy and T«T, = ^a- 

14:9* Since multiplying both terms of a fr'action by the same 
number does not alter its value (133, a. Note 1), annexing one 
or more ciphers to a decimal does not affect its value; thus, 
ft = T^^ = T?^, etc ; i. e. .2 = .20 = .200, etc. 

ItSO* Prefixing a cipher to a dedmal, i. e. inserting a cipher 
between the separatrix and a decimal figure, diminishes the 
value of that figure to ^ its previous value ; for it removes thi 
figure one place farther from the decimal point (147) ; thus 
3 = ft, but .03 = only y^^^, which is but ft of ft. 



fOO DECIMAL FBA0TION8. 

What is the effect of prefixing 2, 3 or more ciphers to a ded,' 
nal? 

19 !• A vulgar fraction is sometimes annexed to a decimal ; 

ihus, .2:^. This is equivalent to the complex fraction -^. The 

mlgar fraction is never to be counted as a decimal place, but it 
is always a fraction of a unit of that order represented bj the 
preceding decimal figure;^ thus, in .234^, the ^ is half of a 
thousandth. 

Notation of Decimal Fractions. 

tS9* Let the pupil express in figures the following num- 
oers: — 

1. Twenty-seven hundredths. Ans. .27. 

2. Thirteen thousandths. . W3 ^ ^^ 

3. Eighty-nine tenths of millionths. •' ' 

NoTB. — ^An ambigaity often arises in enunciating a whole number and a 
decimal in the same example ; thus, .203 is two hundred and three thou- 
•andths, and 200.003 is two hundred, and three thousandths. This ambi- 
guity may, however, be avoided by placing the word decimal before the 
'Wiction ; thus, 200.003 may be read two hundred and decimal three thou- 
sandths. 

4. Write the decimal two hundred and fifty-two thousandths. /^ ^ 

5. Decimal six hundred and sixty-three tenths of thousandths. 

6. Five hundred and decimal five thousandths. ,- / •. : r 

7. Three thousand and decimal three thousandths. 3 ^- '' ^ 

8. Twelve hundred and fifty and six-tenths. ' • '^ 

9. Decimal seven hundred and seventy-seven thousandths. , / / - 
10. Eight thousand and decimal eighteen millionths. ' ^ ^ 

ltl3. Let the following numbers be written in words, or read 
RHlly : — 



1. 


865.0004 


6. 


87654.00002 


2. 


42.4247 


7. 


40000.000004 


3. 


500.0005 


8. 


278.46943827 


V 


796.6704 


9. 


202.4 


. 


4.0000< 06 


10. 


99.999999 



ro 
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Note I. — ^Addition, subtraction, ronltiplication and division of decima 
fractions are performed precisely as the same operations in whole nomben 
^no farther explanation being necessary except to determine the place d 
the separatrix in the sereral results. 

Note 2. — The ipTooft are the same as in whole numbers. 

Case 1. 

194* To add decimal fractions, 

HuLE. — PUuie tenths under tenths, hundredths under Atm- 
dredtJiSj etc, ; then, add as in whole numbers^ and place the poini 
in the sum directly under the points in the numbers added. 

Ex. 1. 2. 3. 

4.56 80.7423 8742.94287 

8 7.9 4 2 5.9 8 7 2 4 3.0 2 4 

Sum, 92.502 8 6.7 2 9 5 9145.96687 

Proof, 9 2.5 2 8 6.7 2 9 5 

4. 5. 

87693 4.9 427 876 9.4 5270086584 

376 95.4 86794 2 7.0 06467892 
7 69400.870064 .542 
38764 5.0 00006 7 2.8 42761 
4 2 7.0 6 5 4 56784 2.0 4769738 7 

6. Add 3.58, 647.2, 984.00087 and 2.46987. 

7. Add 4869.5, 47.6908, 4.00306 and .87428. 

8. Add 5678, 42.7, 98732.004 and .000006. 

9. Add .569, .874, .5369, .8769432723. 

10. Add 38.38, 5000.005, 300.003 and 33.333. 

11. Add two hundred and decimal two thousandths ; thirtr. 
Aye millions and four millionths ; thirteen thousandths ; thirteen ; 
forty thousandths ; and decimal three hundred and three thou- 
sandths. Ans. 35000213.358004. 

12. What is the sum of one hundred and fifty- three thousand 
four hundred and forty-seven, and sixteen millionths ; fourteen, 
and four tenths of thousandths ; five hundred and ten, and ^y€ 
hundredths of billionths; and decimal on^ hundred and seventf 
■eren thousandths f 

9* 
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Case 2. 

tSS* To subtract a less decimal from a greater, 

KuLE. — Place the less number under the greater, tenths uncle* 
tenths, etc, ; then subtract as in whole numbers, and place the 
point in the remainder^ directly under the points in the minuend 
and subtrahend, 

Ex. 1. 2. 8, 

From 8.7 42 6 4 3.0 2 65 4 8 7.46 9 2 

Take 3.8 614 32.69847 27.235487 

Rem. 4.8812 10.3 2 8 07 6 0.23 3718 

Proof, 8.7 42 6 43.0 2 65 4 

Note. — ^If, as in ^x. 3, there are more figures in the subtrahend than in 
lihe minuend, the deficiency may be supplied by annexing ciphers, or sap- 
posing them annexed, to the minuend. 

4. From 876.54708 take 43.876952. 

5. From 869542.7 take 32.57694287. 

6. From seventy, and fourteen thousandths take sixteen, and 
sixteen hundredths. « 

7. From sixty-six millions take sixly-six millionths. 

8. From .876954 take .00476954. 

9. From 874369. take .534269. 
10. From 3.0000542 take 1.47999. 

Case 3. 

196. To multiply one decimal fraction by another, 

Rule. — Multiply as in whole numbers, and point off as mang 

figures for decimals in theproductC^ there are decimal places in 

^oth^ctorg^ counted together^ 

Ex. 1. Multiply .43 by .27. 

OPERATION PROOF. 

Multiplicand, .4 3 .2 7 

MultipUer, j27_ AS 

801 81 

86 108 

Product, .1161 .1161 
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(a) If the number of figures in the product is less than the 
number of decimal places in the two factors, the deficiency must 
be supplied by prefixing ciphers to the product. 

2. 3. 

Multiplicand, 3 4.5 6 7 8 .2 5 

Multiplier, 3^ .2 5 

1728390 125 
10 37084 50 

Product, 11 0.9 8 7 3 .0 625 

Note. — Tbe reason of the rale for pointing the product will be obyionf 
{f we change the decimals to the form of vulgar fractions and then perform 
the multiplication ; thus, 

.43 X .27 = i^% X -i^y, = iWftV = .1161, as in Ex. 1. 
Again, .25 X .25 = ^^V X Mjs = t%%U = -0625, as in Ex. a 

4. 5. 

Multiplicand, .7284 .4786 

Multiplier, .00023 .27 

21852 33502 
14568 9572 



Product, .0 00167532 .129222 

6. Multiply .4786 by .127. Ans. .0607822. 

7. Multiply 587 by 4.32. Ans. 2535.84. 

8. Multiply .427 by 345. Ans. 147.315. 

9. Multiply 4.69 by 38.46. 

10. Multiply .2467 by .1068. 

11. Multiply 38.74 by 364.9 

12. Multiply .0008 by .0005. 

13. Multiply 3874. by .2694. 

14. Multiply 38.42 by 276. 

(b) A decimal fraction may be multiplied by 10, 100, etc, 
by'mo\'ing the separatrix as many places towards the right an 
there are ciphers in the multiplier; for by moving the point one 
place to the right, each figure in the multiplicand is made 10 
times as great as before, and consequently the result is 10 times 
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as great as the multiplicand (147) ; thus, 87.45 X 10 = 874.5 1 
86.954 X 100 = 8695.4; 58.64 X 10000 = 586400. 

15. Multiply 56.423 by 10. 

16. Multiply 3467.28 by 10000000. 

17. Multiply .0467 by 100. Ans, 4.67. 

18. Multiply .00573 by 1000. 

19. Multiply 376.94 by 1000. 

20. Multiply 3.76 by 20. Ans. 75.2. 

In Ex. 20, multiply by the factors of £J, viz., 10 and 2 ; L & 
move the point one place to the right and then multiply by 2. 

21. Multiply 8.764 by 400. Ans. 3505.6 

22. Multiply 5.6432 by 38000. 

23. Multiply .00004 by 56000. 

24. Multiply 34.27 by 60000. 

25. Multiply 8.469 by 804000. 

Case 4. 

197. To divide one decimal fraction by another, 

Rule. — Divide as in whole numbers^ and point off cls manff 
figures for decimals in the quotient(a8 the number of decimud 
places in the dividend exceeds those in the divisor^ 

Ex. 1. Divide .645 by .15. 

OPEBATION. PBOOF. 

.1 5 ).6 4 5 ( 4.8 .1 5 Divisor. 

60 4^ Quotient. 

45 H 

45 60 



6 4 5 Dividend. 

2. 8. 

Dividend, 8.4 3 6 4 8 1 8 1.2 5 7 5 1 2 5 
Divisor, .1_2 2^5 

Quotient, 7 0.3 4 9 .503005 
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1^ ^a) If the number of figures in the quotient is less than the 
excess of decimal places in the dividend over those of the divi> 
tfor, supply the deficiency by prefixing ciphers to the quotient. 





4. 


5. 


6. 


Dividend, 
Divisor, 


.000792 
.12 


.08756 
1.1 


.1248 
2.4 


Quotient, 


.00 6 6 


.07 9 6 


.0 5 2 



Note. — The dividend is a product, of which the divisor and qnot&Mt 
■re the factors (55) ; hence the rule for pointing the quotient. 

7. Divide 38.7425 by .25. Ans. 154.97. 

8. Divide 15.36246 by 469.8. ^^^ ^7 

9. Divide .65084958 by 3.69. ' / 7 ^ <3 S >- 

10. Divide .176382 by .369. * 4^ 7 ^ 

(b) If there are more decimal places in the divisor than in 
the dividend, the number may be equalized by annexing ine or 
more ciphers to the dividend. The quotient will then be a 
whole number. 

11. Divide 1941.885 by .7846. Ans. 2475. 

12. Divide 10634.16 by .4506. Z 3 4> 

(c) If there is a remainder after all the figures of the divi- 
d**nd have been used, the division may be continued by annex* 
ing ciphers to the dividend. Each cipher annexed becomcc a 
decimal phice in the dividend. 

In some examples this operation may be continued until there 
is no remainder, but in others there will necessarily be a remain- 
der, however far the operation may be continued. This latter 
class of examples giv^s rise to circulating decimals^ which will 
bo discussed in the Supplement. It may be remarked, however, 
that, if the divisor contains no prime factors but 2*s and 5's, the 
11 vision can always be carried until there shall be no remainder; 
but if there is any other prime factor in the divisor, the division 
can ne^er he completed unless the same other factor is in the 
original dividend ; for a dividend is not divisible by a divisor 



\ 
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unless it contains aU the factors of the divisor; whtreas annex 
ing ciphers to the dividend introduces no prime factor into it, 
except 2's and 5's. 

13. Divide .8746 by .32. Ans. 2.733125._ 

14. Divide .45 by .8. .b'tp"^- t 

15. Divide .87693 by .64. /. 3 / <^% 1 

Note. — ^When a decimal is not complete, we sometimes place the sign \ 
irfWr it, signifjing that there is a remainder. 

16. Divide .8742 by .56. Ans. 1.5610714 -f^ 

17. Divide .34 by .27. * /, ;. 6 9 Z c' 

18. Divide 56.7 by 2.9. j^.O - ' 

19. Divide 87.69 by 47. / wS^ 6 7 

20. Divide 87.69 by .47. ' . 

(d) A decimal fraction may be divided by 10, 100, etc., by 
moving the separatrix as many places towards the hft as there 
are ciphers in the divisor ; for, by moving the point one place to 
the lefl, each figure in the dividend is made only ^ as great as 
before, and consequently the result is only ^ as great as the 
dividend (147) ; thus, 874.5 -^ 10 = 87.45 ; 8695.4 -i- 100 = 
86.954 ; 46.87 4- 100000 = .0004687. 

21. Divide 7846.987 by 1000. Ans. 7.846987. 

22. Divide ,54.276 by 100000. 

23. Divide 46.08 by 1000. 

24. Divide .7842 by 1000. 

25. Divide 769.428 by 200. Ans. 3.84714 

In Ex. 25, divide by the factors of 200, viz., 100 and 2 ; L a, 
move the point two places to the left and then divide by 2. 

26. Divide/:48.9632 by 4000. Ans. .012240a 

27. Divide 7Vj.842 by 3200. . 1 h C ; 

28. Divide 3560.6 by 400. 

29. Divi(le'874.G9 by G4000. 

30. Divide 40.8742 by 16000000. 
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Case 5. 

tSPs. I X 100 = ^a = 75 ; and 75 -i- 100 = .75. 

If a number be multiplied by any number, and the product be 
Jivided by the multiplier, the quotient will be the multiplicand 
(GO). Now, in the above example, | is multiplied by 100 by 
annexing two ciphers to the numerator ; the fraction ^ J^ is then 
reduced to the whole number 75, and, finally, 75 is divided by 
100 by placing the decimal point before the 75 ; .*. J = .75. 
Hence, 

To reduce a vulgar fraction to a decimal, 

Rule. — Annex one or more ciphers to the numerator ana 
divide the result hy the denominator^ continuing the operation 
until there is no remainder, or as far as t* desirable. Point off 
as many decimal places in the quotient as there are ciphers an- 
nexed to the numerator, 

Ex. 1. Reduce f to a decimal fraction. 

I X 1000 = ^Q- = 625 ; and 625 -i- 1000 = .625, Ana. 

2. Reduce i^ to a decimal. Ans. .1875. 

3. Reduce ^J to a decimal 

4. Reduce /^ to a decimal Ans. .20833-|— 

There being the factor 3 in the divisor, in Ex. 4, and no 
such element in the dividend, there must necessarily be a 
remainder, however far the division may be continued (157, c). 

5. Reduce ^7 to a decimal 

6. Reduce i, f, ^\, 1^, t^^, i| and ||f to decimals. 

ItiO* Every decimal fraction is a vulgar fraction, a^d, if itf 
denominator be written, it will appear as such. It may then b^ 
reduced to lower terms, or mollified like any other vuigsir frac' 
tion. 

Ex. 1. Reduce .24 to the form of a vulgar fraction and tie. 
to its lowest terms. .24 = |^ z= ^J = ^f^, Ans 

'Win process proves the rule in Art. 158. 
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2. Reduce .025. 

3. Reduce .13. Ana. fy\. 

4. Reduce .4765, .87698, .000476 and .0075. 

6. Reduce 3.5. 3.5 =^ = h Ana 

Case 6.' 

160. Reduce 6d. and 3qr. to the decimal of a shilling. 
1st, 3qr. = jd. = .75d.; .-. 6d. and 3qr. = 6.75d. 
2d- 6.75d. = fi^ps. _ .56258. 

The principle is the same as in Art. 158. Hence, 

To reduce whole numbers of lower denominations to the deci- 
mal of a higher denomination, 

Rule. — Having annexed one or more ciphers to the lowest de- 
nomination, divide by the number it takes of that denomination to 
moke one of the next higher, and annex the quotient as a decimal 
to thai next higher ; then divide the result hy the number it takes 
of THIS denomination to make one of the next higher, and so 
continue tiU it is brought to the denomination required. 

Ex. 1. Reduce 8s. 5d. Iqr. to the decimal of a pound. 



4 
12 
20 



1.0 qr. 



5.2 5 d. Iqr. = .25d. ; 5.25d. = .43758. ; 



8.4 3 7 5 8. 8.4375s. = £.421875, An8. 



£ .4 2 1 8 7 5, Ana. 

8. Reduce IfL 3in. 2b. c to the decimal of a yard. 

2.0 b. c . In this example 

3.6 6 6 66 6 6 + in. ^^©^e will be a re- 

mainder, however far 
1.3 55555-f-ft. ^^ operatior is car- 

.4 3 5 1 8 5 1 +yd., Ans. ried. 

8. Reduce 6oz. 18dwt. 15gr. to the decimal of a pound Troj 
ireight. Ans. .577C04l6Glb.+. 



3 

12 

3 



4. Reduce 8§ 43 23 5gr. to the decimal of a pound, 'i 






12 


6.0 in. 


8 


2.500ft 

> 


1* 


5.8 3 3 3 + yd. 
2 


11 


11.6 6 6 6 + halfyd8. 




1.0 6 6-}-rod3,A:.j. 
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5. Reduce 12cwt 3qr. 211b. 8oz. 4dr. to the decimal of a tcm* 

6. Reduce Sjd. 2ft. 6in. to the decimal of a rod, long meas« 
are. 

Since one of the di- 
visors, in this example, 
is 5^, both divisor and 
dividend are reduced to 
halves. The feet and 
inches are more than a 
half yard; .*. the sum 
of the gi\'tn numbers in 
more than a rod. 
« 
7 Reduce d43p. br. 36ra. Sdjd. 8 ft. 36in. to the decimal «f 

a square mile. 

8. Reduce 56ft. 1725in. to the decimal of a cord. 

9. Reduce 3qr. 2na. lin. to the decimal of a yard. 

10. Reduce 3qt. Ipt. 3gi. to the decimal of a gallon. 

11. Reduce 3pk. 7qt Ipt. to the decimal of a bushel. 

12. Reduce 3wk. 6d. 40m. 30sec. to the decimal of a lunar 
month. 

13. Reduce 8s. 24" 50" to the decimal of a circumference. 

14. Reduce 19cwt. Soz. to the decimal of a ton. 

15. Reduce 3fur. 25rd 2yd. 6in. 2b. c to the decimal of a 
mile. 

Case 7, 

IGl. To reduce a decimal of a higher denomination to whole 
numbers of lower denominations, 

Rule. — Mvdtiply the givpn decimal by the number it takes of 
the next lower denomination to make one of this higher, and place 
the separatrix as in multiplication of decimals; multiply the 
DECIMAL PART of this^ product by the number it takes of the 
N'EXT lower denomination to make one of this, and so proceed a$ 
far as necessary. The several numbers at the left of the points 
wiU he the answer 

10 
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Ex;. 1. Reduce .421875£ to shillings, pence and failliings. 

Ans. 8s. 5d. Iqr. 

This article is the reverse of Art 
£ .4 2 1 8 7 5 160 ;.-. first multiply by 20, because 

20 there will be 20 times as many shil^ 

8.4 3 7 5 8. lings as pounds. For a like reason, 
1 2 multiply the fractional part of a shil- 

~^ K n ft #i ^"^ ^^ ^^' ^ reduce it to pence, etc 

o U U a. After having fixed the decimal point 

in the several products, the ciphers at 
1.0 qr. the ktiht of the significant figures 

are disregarded. 

2. Reduce .9375 of a gallon to ouarts, nintA and gills- 

juis. 3qt. ipu 2gi. 

3. Reduce .84 of a lunar month to weeks, etc 

Ans. 3w. 2d. 12h. 28m. 488ec 

4. Reduce .7694 of an acre to roods, etc 

Ans. 3r. 3rd. 3yd. 1ft. 45.216in. 

5. Reduce .6543 of a mile to furlongs, etc 

Ans. 5fur. 9rd. 2yd. Oft. 2in. 1+b.c 

6. Reduce .54324 of a pound Troy to ounces, etc 

7. Reduce .57691b. to §, 5, etc. 

*8. Reduce .0876 of a ton to cwt, qr., etc 
9. Reduce .9876 of a mile to fur., ch., etc 

10. Reduce .4698 of a cord to eft., cu.ft^, etc 

11. Reduce .8694 of a yard to qr., na., etc. 

12. Reduce .7564 of a bushel to pk., etc. 

163. Miscellaneous Examples in Decimal Fractions. 

Ex. 1. Bought 14.75yds. sheeting at 14 cents per yd. ; what 
was the cost of the piece ? Ans.. $2,065. 

Note. — Decimal fractions are peculiarly adapted to operations in Fede- 
ral Money, the denominations of which conform to the decimal notation 
/%c dollar is the unit, and dimes, cents and mills are tenths, hundredths and 
Uijusandths 

2. Bought 20.5 tons of hay at $12,375 per ton : what w*^^ 
the cost of the whole ? Ans. $253.687f 
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8. What is the value of 67.75 acres of land at $62.50. per 

acreP-^i/ 7., j V. -^ ' t 

4. Paid $4234^7^ for 67.75 acres of land ; what was tlie 
price per acre ? ^ U. ^'' <■■ .' 

5. Paid $4234.375 for a piece of land ^ $62.50 per acre ; 
how many acres were bought ? . . • ' ^-^ 

6. Bought land at $62.50 per acre, and sold it again at $7A 

per acre, therel^j nasking $846.875 ; how manj acres werf« 
bought? V--^ -'^-^ . -.-^ .f- - / -•:.--'- 

7. Bought 67.75 acres of land at $62.50 per acre, and sold 
the lot for $5081^.25 : was there a g^, or loss ? how much total 
and per acre? ^ .^ (>? C ^^'^-J^lS' - /<:.■'"■"' ' " 

8. Bought Ibbl. flour at $12.50, 3bu8h. com at 87^ts., 24.51bs. 
sugar at 8^ts., 3gal. molasses at 37^cts., 21bs. tea at 62 ^ts., 61bs. 

coffee at llcts., 151bs. rice at 4^cts. and 41bs. butter at 22 
cts. ; what was the cost of the whole? Ans. $21.76. 

9. Bought 4 loads of hay which weighed 2t. 15cwt. 12JIb., 
It. I9cwt. 641b., 2t. 4cwt. 18|lb. and 3t. at $15,875 per ton ; 
what did the whole cost? ' Ans. $157.46q|^ 

10. Bought 100 sheep at $1,375, and sold them again at. 
$1.875 ; what was the gain per head and total? ^' '^ . ^ I 

11. Bought 133.5yd. broadcloth at $3.25, and 8oldd3yd. 
of it at $3,33^, 50yd. at $3,875 and the remainder at $3.60 ; 
how much was gained by the transactions ? ' ? • ' 

12. What cost 13yd. 2qr. 3ua. of cloth at $4.67 per ell 
French — the ell French being 6qr. ? Ans. $42.61f . 

13. What would 7^ bales of cotton cost, each bale weigh- 
ing 6.375cwt., at $11.75 per cwt. ? ^ / ^ 

14. Bought 356.251b. wool at 37^cts., which was manu- 
factured into cloth at an expense of $62.50 ; at what price 
must it be sold to gain $37.50? ' ^ ^ " 

15. What cost 5625 feet of boards dt ^15.6'25 per thousand ( 
•5/ ' - ^ k /. V - Ans. $87.890625. 

16. What cost 43a. 3r. 25ra.of hind at $62,875 per aerej'^ 

17. What cost 3t, 15cwt. 2qr. 12 Jib. coal at $9.75 per ton ? 



112 COMPOUND ADDITION. 

18. What would be the cost of.biiilding 43m. 7tur. 25rd. of 
railroad at $9562.87^ per mile ? "^V- C> Z 7 9.y^ ""> v^ 

19. What will be the expense of papering a room that is 20 
feet long, 15 feet wide and 8.5 feet high, a roll of paper being 
8 yards in ^gth and f of a yard in width, and costing 62t^ct0. 
perroU? f'%, X ^v^ 

20. What is thfi vallie of .^75 cwt. of coal at £2 3s. 6d. Iqr. 
per ton r X. - - , ' 

21. A piece of land is 63.5 rods long and 27.75 rods wide; 
•rliat will it cost to wall it, at 87Jcts. per rod ? ,/ ' '" 



§ 12. COMPOUND ADDITION. 

IG3. A compound number is composed of two or more d& 
nominations (64) which do not usually increase decimally fhRh 
right to left ; consequently, in adding the different denominations, 
we do not carry one for <en, hit for the number it takes of the 
particular denomination added^ to make a unit of the next higher ; 
thus, in adding Sterling or English Money, we carry for 4, 12 
and 20, because 4qr. make Id., 12d. make Is., and 20s. make £1. 

1G4:. The principle of procedure is precisely the same as 
in simple addition. Hence, 

To add compound numbers, 

Rule. — Write the numbers so that each denomination shall 
occupy a separate column^ the lowest denomination at the right 
and the others towards the left in the order of their values. Add 
the numbers in the lowest denomination, divide the amount by 
the number it takes of this denomination to make one of the next 
higher, set the remainder under the column, and cari-y the quo^ 
'ieni to the next column. So proceed until all the columns nn 
tddetL 

ItttS. Proof. — 77ie same as in Simple Addition (34). 
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Ex. 1. 




£. 


8. d. 


qr 


18 


13 11 


3 


12 


* 6 9 


1 


33 


19 10 


2 


27 


14 2 


1 


36 


17 3 


3 


2 


5 11 


1 



The amount of the first column 
is llqr. = 2d. 3qr. Upon the same 
principle as in simple addition, the 
3qr. are set under the column of far- 
things, and ^he 2d. are added to the 
pence, making 48d. = 4s. Od. ete. 



131 18 3 



NoTB 1. — In writing and adding the nambers of a tingle denomn ai ttm, 
tiw mles of simple addition must be observed. 

2. 3. 4. 



£. 8. d. 

45 17 6 
18 19 11 
20 13 10 
72 9 4 
97 8 


f 

2 
2 

1 
3 




£. 
4 
8 
18 
9 
8 


8. 

6 
7 

15 
6 

14 


d. 
9 
4 

4 



qr. 

3 

2 

1 
1 
3 


rd. 


yd. ft. in. 

2 2 11 

4 2 4 

3 1 7 

5 6 

4 2 7 


(55 1 5 


3 










or 


3 
3 


4i 11 
4 2 5 


5. 












6 


• 




lb. oz. dwt. 
14 10 19 

7 1112 
18 2 4 

5 18 


gr. 
21 

5 

20 
14 




for. 

1 

2 
3 

1 


rd. 
5 
4 
6 
3 


yd. 

3 

4 

5 

4 


ft. 

2 

2 



2 


in. b.c 

10 1 
4 2 

6 2 

7 










7 
or 7 


21 
21 


2 


2 



4 2 
10 2 


7. 








8. 








9. 


fd. qr. na. in. 

87 2 1 2 
15 3 3 1 

8 2 2 2 
56 1 1 






gal. 
16 
5 
14 
57 


qt. pt 

3 1 
1 
1 1 
1 


gi. 

3 
1 
2 






a. r. rd. 
63 7 39 
18 4 16 
115 20 
93 2 1 



10. What is the sum of 56a. 3r. 37rd. 30yd. 8fk. 72in., 87a. 
2r. 25rd. 15yd. 7ft. 143in., 15a. Ir. 14rd. 27yd. 2ft. 17in. and 
53a. 3r. .S3rd. 20yd. 8ft: lOOin.? 

10* 



114 COMPOUND SUBTRACTlOlf. 

11. Add together 53m. 7fur. 7eli. 2rd. lOli. 2iii., 2o€m. SfiiP 
7ch. 2rd. 201i. 2in., 14m. 3fur. 2cli. Ird. 231i. 4m. and 8m. 3fai; 
2ch. Ird. 131i. 6in. 

12. Bought 3 pieces of cloth, measuring 15 jd. 3qr. 2na. 2in., 
24yd. 2qr. 3na. lin. and 17jd 2qr. Ina. lin. ; how much did I 
bu} ? 

13. Add 2circ lis. 29*» 59' 59", 3circ 10s. 18** 15' 13", 5ciru 
Ss. 18* 42' 15" and 4circ. 8s, 17*» 40' 3^^ together. 

14. A farmer raised in one field, 58bush. 3pk. 4qt. Ipt of 
wheat ; in another, lOObush. Ipk. 7qt. Ipt ; and in another, 
75bush. Ipk. Iqt. Ipt. How much wheat did he raise in the 
three fields ? 

15. A planter sold cotton at various difierent times as fol- 
lows : 3t. I9cwt. 3qr. 211b., 4t. 3cwt. 3qr. 141b., 2t. 17cwt. 2qr. 
2 lib., I4t. I9cwt. Iqr. 71b., 3t. 2qr. 71b., 4cwt. 3qr. 2llb. and dt 
141b. ; what did he sell in all ? 



§ 13. COMPOUND SUBTRACTION. 

IBG. The principle of compound subtraction is like that of 
simple subtraction. Hence, 

To perform Compound Subtraction, 

Rule. — 1. Write the less qtmntity under the greater, arrang' 
ing the denominations as in additioru 

2. Beginning at the right, take each denomination of the 
subtrahend from the number above it, and set the remainder 
beneath. 

3. If any number of the subtrahend is greater than the num^ 
her above it, add to the upper number as many as it takes of that 
denomination to make one of the next higher, and take the subtree 
hend from the SUM ; set down the refnainder and add one U 
the next denomination in the subtrahend. 
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IG7. Pboof. — As in single subtraction (37)« 

Ex. 1. From £6 4s. 3gU 2qr. take £4 Is. 2d. Iqr. 

£. 8. d. qr. 
Min. 6 4 3 2 
Sub. 4 12 1 Only the 1st and 2d secdonB of tk« 

Rem "2 3 1 1 "^® *PP^y *^ ^^ example. 
Proof, 6 4 3 2 

2. From 6£ 9s. lid. Iqr. take 3£ 15s. 5d. Sqr. 

As 3qr. camiot be taken bom 
Iqr., borrow one of the lid., 
reduce it to qr. and add it to 
the iqr., then say 3qr. from 

T> ^ a a — n — T ^^^' Ic^vc** 2qr. Now, as one 

i'root, b » 1 1 1 of the lid. has been employed, 

say 5d. from lOd., or, what ig 
practically the same, 6d. from lid. leaves 5d., and so proceed 
through the example. 

The plan and the reasoning are the same as in simple subtrao- 
tbn (36, Ex. 3), and the example may be solved as follows:— 





£ 


8. 


d. 


qr 


Min. 


6 


9 


11 


1 


Sub. 


3 


15 


5 


3 


Rem. 


2 


14 


5 


2 



£ s. d. qr. £ s. d. qr. 

5 29 10 5 
3 15 5 3 



Xf- B. a. qr. 

Min. 6 9 11 1> _ ( 

Sub. 3 15 5 3 ) — ( 

Rem. 2 14 5 2 = 2 14 5~2 

3. 4. 

a. r. rd. yd. ft. in. gal. qt pt gL 

From 8330308133 27312 

Take 4 2 35 25 4 143 14 2 1 3 

Rem. 4 35 5 3 134 13 1 8 

Proo^ 8330308133 27312 

5. 6. 

t. cwt. qr. lb. oz. di lb. oz. dr. sc gi. 

From 18152241412 15 64214 

Take 1 5 19 3 20 12 14 2 113 1 19 

Rem. 
Proot 
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IG8* Sometimes, as in the following examples, it it Pieces 
sary to borrow two of tbe higher denomination of the minaend 
instead of one ; but in all such cases we must carry two to the 
next teim of the subtrahend ; i. e. we must pat oi nmch ct$ ir« 

BORROW, 

7. 
rd. yd. ft. in. b.c rd. yd. ft. in. b.e. 



From 12 2 6 
Take 3 5 2 8 



l\ _ (10 10 4 17 4 
2{' — (3 5 2 8 2 



Rem. 7 5 2 9 2 = 7 5 2 9 2 
Proof, 120261 = 10104174 

8. 

a. r. rd. yd. ft. in. a. r. rd. yd. ft. in 

From 12 2 6 1 28) _ ( 1 1 4 78 60 1 200 
Take 3 8 39 30 8 143 ) ~ ( 3 3 39 3 8 148 

Rem. 81^92 9^ 6129 = 8 1 39 30 2 57 

Proof,12 2 6 128 = 11 4 78 60 10 200 



m. fur. 
Min. 9 7 

Sub. 2 6 
Rem. 


9. 
rd. 
10 

4 


yd. ft. 
1 

5 2 


10. 
circ deg. m. ftir. rd. 
5 3 

2 27 69 5 39 

• 


yd. ft. 
1 

5 8 


Proof, 







369. Tlie following examples are similar to the preceding^ 
liot tlie rule for subtraction is inapplicable until the form of the 
■inaend or subtrahend is changed. 









11. 




From 
Take 


rd. 
15 
14 


1; 

5 


ft. in. b.c. . rd. 

0) (14 

1 5 2j — |14 


yd. ft. in b.c. 
5 15 8 
5 15 2 


Rem. 








1 


Proo( 






] 4 


5153 
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rd. yd. ft. in. b.c. /d. yd. ft. la b.<i 

Min. 3 10 1) <3 1 CI 

Sub. 2 5 2 5 2 ; '"^ | 8 11 2 

Bern* 2 

I Proof, 3 1 0~~i 

13. 14. 

a. r. rd. yd. ft. in. cire. deg. m. fur. rd. yd. ft. lu 

From 123 05 10 00 0000 

Take 1^ 2 39 30 6 36 9 359 69 3 39 5 1 5 

Rem. 

Proof, ' 

What are the peculiarities of these examples ? 

(a) Another waj to solve such examples is to reduce both 
oiinuend and subtrahend to the lowest denomination contained in 
either (87), and then subtract as in simple subtraction. 

170« In subtracting an earlier fix>m a later date, it is cafl> 
ternary to consider 30 days a month. 

15. What is the difference in time between April 17, 1827 
and February 12, 1834? 

yr. m. d. 
Min. 183 4 2 12 
Sub. 1827 4 17 

Bern. 6 9 2 5 

16. Find the time from Aug. 15, 1843, to Dec 12, 1851. 

17. Fmd the time from May 12, 1841, to June 21, 1842. 

18. Find the time from June 21, 1842, to Aug. 24, 1846. 

19. Find the time fix)m Aug. 24, 1846, to Sept. 1, 1847. 

20. Find the time from July 21, 1836, to Sept. 1, 1847. 

21. Fmd the time from Feb. 29, 1816, to Aug. 22, 1855. 

22. Find the time from Jan. 8, 1743, to Dec. 16, 1854. 

23. Find the time fit)m Sept. 6, 1777, to Nov. 13, 1816 
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171. Examples in Compound Addition and Subtr action 

1. My farm contained 108a. 3r. 17rd., and I have sold to one 
man 15a. 2r. 29rd., and to another 11a. 3drd. ; how much have 1 
left? 

2. Having a journey of 187m. 7fur. 19rd. to perform in 9 
days, I travel 53m. 3fiir. 14rd. the first day and 71m. 18rd. the 
second ; how far must I travel on the third ? 

3. Bought 723 acres of land for 963£ 14s. 9d.; from this sold 
to A 253a. 3r. 17rd. for 319£ 12s., and to B 176a. 14rd. foi 
237£ lid. ; how much land remains, and what has it cost ? 

4. How long since the Declaration of American Independence, 
July 4, 1776 ? 

5. A bought of one farmer lit. 7cwt. 3qr. 181b. of cheese; of 
anotlier, 6t. 19cwt. 71b. ; of another, 18cwt 3qr. ; and of another, 
17t. 3qr. He also Bold in Boston, 12t. 7cwt. 121b. ; in Lowell, 
8t. 15cwt. 3qr., and the remainder in New York. How much 
did he sell in New York ? 

6. B sold an ox which weighed 17cwt. 3qr. 81b. ; and 2 cows 
that weighed 5cwt. 3qr. 181b. each; and 3 swine that weighed 
3cwt^ 2qr. 12 lb., 4cwt. Iqr. 181b., and 5cwt. 3qr. 61b. respec- 
tively. How much more beef than pork did he sell ? 

7. From the sum of 7rd. 2yd. 2in. lb.c and 2rd. 3yd. Ifl. 
Sin. 2b. c, take the difference between 14rd. 2ft. 7in. lb.c. and 
4rd. 2ft. 7in. 2b.c Ans. lb.c. 

8. From a piece of cloth measuring 18yd. 3qr. 3na. 2in. there 
were cut 3 garments, the first measuring 4yd. 3na., the second 
3yd. 2qr., and the third 5yd. Iqr. 2na. lin. How much doth 
remained ? 

9. If from 2 casks of molasses, containing 65gal. 3qt. Ipt and 
74gaL Ipt. 3^., there be taken 83gal. Iqt, how many gallons, 
quails, etc., will remain ? 

10. How long from the battle of Lexington, April 19, 1775 
to the Declaration of Independence, July 4, 1776 ? 

11. How long from the battle of Bunker Hill, June 17, 1775. 
lo the erection of Greneral Warren's Statue, June 17, 1857 ? 
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{ 14. COMPOUND MULTIPLICATION. 

173. In compound multiplication, the multiplicand oiilj k 
compound. 

173« In both simple and compound multiplication, the mufti* 
plier IS always and necessarily an abstract number; for, to 
attempt to multiply bj a concrete number, e. g. 4 miles times 10, 
is, in the highest degree, absurd, though it is perfectly proper to 
say 10 t^es 4 miles. 

174. The product is of the same kind as the multiplicand 
for repeating a number does not change its natui*e. 

nSm The principle is the same as in simple multiplicati^Hi. 
Hence, 

To multiply a Compound by a Simple Number, 

Rule. — Midtiply the lowest denomination in the mtdtiplicandy 
divide the product by the number it takes of that denomination 
to make one of the next higher, set down the remainder, carry 
the quotient to the product of the next denomination, and so 
proceed. 

Ex. 1. First, 7 times 3qr. = 21qr. =u 

£, 8. d. qr. 5d. and Iqr. ; write the Iqr. under 

Multiply 4 6 8 8 the farthings, and then say 7 times 

By 7 8d. = 56d., and 5d. added giv6 

Product, 30 7 1 1 61^. = 5s. and Id., etc. 

Note. — Multiplication and division mutually provo each otb«i II ii 
lirofitable to teach reyerse operations simultaneously. 







2. 








8. 






rd. 


yd. 


ft. 


in. 


b.c. 


gal. 


qt. 


P- 


^ 


9 


4 


2 


6 


2 

7 


2 


3 


1 


2 

5 



Multiplicaml, 
Multiplier, -, 

Product, l*290f 102 14212 
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4. 






5. 


t. cwt. qr. lb. 


oz. 


dr. 


a. r. rd. yd. ft. 


MultipHcand, 4 3 2 14 


8 


4 


5 3 37 25 8 


Multiplier, 




11 


12 


Product, 46 9 


10 


12 


71 3 14 7J 6 



in 
or 71 3 14 8 1 72 

176. When the multiplier is a composite number, we maj 
proceed as in like cases in simple multiplication (44). 

6. Multiply 41b. 8oz. IGdwt 20gr. by 72. 

lb. oz. dwt. gr. 
Multiplicand, 4 8 16 20 

1st Factor of Multiplier, 8 

Partial Product, 37 10 14 16 
2d Factor of Multiplier, 9 

Product, 3 41 12 

7. Multiply 81b. 4$ 73 29 16gr. by 63. 

8. Multiply 9m. 7fur. 8ch. 3rd. 151i. 6m. by 96. 

177. When the multiplier is large and not composite, some 
expedient may be adopted, as in the following examples. 

9. Multiply 2bush. 3pk. 4qt. Ipt. by 47. 

bush. pk. qt. pt. 

2 3 4 1 MultipHcand. 
5 

14 1 6 1=5 times Multiplicand* 
9 



130 2 1 = 45 times Multiplicand. 
5 3 10=2 times Multiplicand. 

13 5 3 3 1 = 47 times Multiplicand. 

First multiply by 45, i. e. by 5 and 9 ; then cutd twice tlia 
nultiplicand, and thus multiply by 47. 

This example may be solved b > follows : — « 
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Imsh pk. qt pt 

2 3 4 1 Multiplicand. 
6 

17 ] 3 = 6 times MoltipUcand. 
8 



138 3 = 48 times Multiplicand. 
2 3 4 1= once Multiplicand. 

135 3 3 1 = 47 times Multiplicand. 

Here we multiply bj 48, L e. by 6 and 8 ; then subtrctct the 
multiplicand. 

This plan may be indefinitely modified ; henCe this general 
direction : — Multiply by two or more numbers whose product 
is nearly the multiplier, and add to or subtract from the product 
Buch numbers as the case may require. 

10. Multiply 27yd. 3qr. 2na. by 59. 

11. Multiply 17gaL 3qt. Ipt 3gL by 97. 

12. What is the r:ost of 857 yards of .sloth, at 3£ 15s. 6d. tq|ft 
per yard' 

£. s. d or. 
3 15 6 1 
10 

3 7 15 2 2 = cost of lUya. 
10 



3 7 7 12 1 = cost of 100yd. 

8 



3020 1-6 8 = cost of 800yd. 

18 8 16 2 = cost of 50yd. 

26873 = cost of 7yd. 

3 2 3 6 1 4 1 = cost of 857yd. 

Multiply by 100, i. e. by 10 and 10; then multiply the cost 
of 100 yards by 8, the cost of 10 yards by 5 and the cost of 1 
yard by 7, which will give the cost of 800, 50 and 7 yards, 
severally ; finally, cM the cost of 800, 50 and 7 yards together, 
and thus find the cost of 857 yards, the answer. 

11 
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13. Bought 131 loads of wood, each measuring Ic. 3e.ft 7eu.ft. 
at $5.67 per cord .; what was the quantity bought, and the cost 
of the whole ? 

14. If a ship sail 2* 14' 27" per day, how fer will she sail iii 
29 days ? 

15. K 3 men build 7rd. 5fb. of wall in 1 day, how much wiU 
they build in 17 days? 



§. 15. COMPOUND DIVISION. 

178. Here, as in the three preceding sections, the principlo 
is the same as in the corresponding operation in simple numbers. 
Hence, 

To divide a Compound by a Simple Number, 

Rule. — Divide the highest denomination of the dividend, and 
$et down the quotient; if there is a remainder, redrice it to the 
next lower denomination ; to the result add the given quantity of 
that denomination and divide as oefore, setting down the quotient 
reducing the remainder, etc, 

Ex. I. Divir'e H0£ 78. Id. Iqr. by 7. 

30£ -i- 7 gives a quotient 
of 4£ and a remainder of 2£« 
2£ reduced to shillings and 
added to 7s., give 47s., which, 
divided by 7, gives a quotient 
of 6s., and a remainder of 58^ 
etc., etc 

2. Divide Ifur. 29rd. 0yd. 2fl. lOin. 2b.c by 7, 
8. Divide 14gal. 2qt. Ipt. 2gi. by 5. 

4. Divide 46t 91b. lOoz. 12dr. by 11. 

5. Divide 71a. 3r. 14rd. 8yd. 1ft. 72in. by 12. 

1 79* When the divisor is composite, we may divide bj te 
Hu^rs, as in simple division (56). 



£ 

7)30 


8. 

7 


d. 

1 


qr. 
1 


4 


6 


8 


3, Ans. 
7 


80 


7 


1 


1, Proof. 
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«. Divide «411b. Ooz. 12dwt. by 72. 

lb. oz. dwt. gr. -1. . , • ^ 

9)341 12 rmt divide by 9 and 

8) 37 10 14 16 2.Ttht ilt"^ '^ "• 

4 8 16 2 0,Aiis. "^ 

7. Divide 530 lb. 2% 83 2a 8gr. by 63. 

8. Divide 958m. 5fur. 5eh. 121L 5jfin. by 96. 

180« When the divisor is large and not composite, set down 
Ihe work of dividing and reducing. There is no device for 
rendering the operation easier* 

9 Divide 135bu8h, 3pk. dqt Ipt by 47. 

bush. pk. qt pt. 

47)135 3 3 1 ( 2bii8h. Spk. 4qt 1 pt , Ana. 
94 

41 bush. 

4 

Having found that 47 is ocm- 

J ^ I P** tained twice in 135, multiply 47 

^^ by 2, and subtract the product, 

2 6 pk. 94, from 135, which leaves a re- 

8 mainder of 41 bushels; reduce 

5TT flf ^® 41 bushels to pecks and add 

I Q g ^ the 3 pecks, making 167 pecks; 

— then divide by 47, and * so con* 

2 3 qt. tinue the process till the work if 

2 done. 

4 7pt. 
47 





10. Divide 1644yd. 2qr. 2na. by 59. 

11. Divide 1742gaL 3qt. Ipt. 3gi. by 97. 

12. K 857 yards of cloth cost 3236£ Is. 4d. Iqr., what is tba 
price per yard ? 

13. Sold 131 equal loads of wood, measuring 187c. 2c ft 
5cu.fb. for $1061.92 J Jf; what was the quantity per load and 
the price per cord ? 
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14. If, in 29 days, a ship sail 2s. 4® 59' 3", how far is that pez 

15. If 5 men build 124rd. 2ft. 6in. of wall in 17 days, how 
much would they build in one day ? 



§16. DUODECIMALS. 

181 • Duodecimals * are compound numbers which decrease 
rniiformly from the highest to the lowest denomination by the 
constant divisor, 12. 

183* This measure is usually applied to feet and parts of a 
foot, and is used by artificers in determining distances, areas and 
solidities. 

Its denominations are feet (ft.), inches Q, seconds ("), thirds 
C"), fourths ('"), etc, etc 

The accents used to designate the denominations are called 
indice$. 

183* The foot being the unit, the denominations have the re- 
lations indicated by the following 

TABLE. 
1' = ^ of a foot. 

1** = ^ of 1' = ^ of ^ of 1 ft. = ^\f of a foot.. 
V z=. ^oi 1" = ^ of X Jj of 1 ft. = xVff? of a foot. 
1"" = A of 1'" = T^ of ^^^ of 1 ft. = ^xr+^ of a foot 
etc etc 

Thus 12 of any lower denomination make 1 of the next 
ligher; e. g. 

12" =r 

12' =lft. 
* Duodecimal, from the Latin duodecim, twdv. 
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184:* Addition, subtraction and division of duodecimals are 
performed as the like operations of other compound numbers ; the 
same is true of multiplication, except that, when both factors are 
in the form of compound numbers, we are required to determine 
the denomination of the prodticL 

IStS* In this investigation, yor the take of convetaeneej we 
(amiliarlj* speak of multiplying feet bj feet, feet bj inches, inches 
by inches, etc., though here, as everywhere (178), the multiplier 
IS strictly an abstract number ; e. g., suppose a board is 10 feet 
long and 1 foot wide, it evidently contains 10 square feet, and 
if it is 10 feet long and 2 feet wide, it as evidently contains 2 
times 10 square feet = 20 square feet, though it would be non^ 
sense to affirm that it contains 2 feet times 10 feet ; still, we are 
accustomed to say tnat the area of a board is equal to its length 
mukipKed by its breadth. Again, if a board is 10 feet long and 
1 inch wide, it contains ^ as many square feet as it is feet in 
length ; i. e. it contains -f^ of 10 square feet == (Jsq. fl. = lO' ; 
and if the board is lOfl. long and 2in. wide, it contains -^ of 
lOsq. ft = f ^ of a sq. ft. ;= liVsq- ft = Ift and 8'. This illus- 
tration can be carried to any extent. 

186. Since 1' = T^gft, V = Ti?ft, 1'^ = ttV A> etc., whether 
the measure is linear, square or cubic, it follows that 1', in linear 
measure, is a line, ^ of a foot in length ; in square measuro, 
Y is an area, 1 foot long and 1 inch wide, and V is an area, 1 
inch square ; in cubic measure, V is a solid, 1 foot long, 1 foot 
wide and 1 inch deep, V is a soUd, 1 foot long, 1 inch wide and 
1 inch deep and V" is a cvJnc inch ; etc. 

187« Let us now proceed to determine the denominatiop of 
the product obtained by multiplying any two denominations -n 
gether. 

PHIL080PHICALLT. FAMILIARLT. 

2 units X 3 units = 6 units, i. e. 2ft. X 3ft. = 6ft 
2 ** X A uni<i = A unit , i. e. 2ft. X 3' = 6'. 
2 « X if? " =TfT " ,Le.2ftx3" =r 

et4s. etc. 

II* 
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PHILO8OPHI0ALLT. FAMILIARLY. 

ft unit X ft unit = yfy unit, L e. 2' X 3' =6* 

A ^^ X ift^r " = ^^^ " ,Le.2' X 3-- =6^ 

etc etc 

y|, unit X tIt unit = ff^f ^ unit, L e. 2" X 3" =6^ 
tIt " X tA? " = irrATTir " ,i.e.2'' X 3^^ = 6'"* 
tU "" X^f^ " =innr#FirT « , i.e. 2^ X 3'^ = 6^ 

etc etc 

Hence, to determine the denomination of the product of two 
fiu^rs in duodecimals, 

Rule. — Add the indices of the two fictors together^ and ik§ 
ium will he the index of the product, 

Ex. 1. A board is 6ft. t 9" in length and 2ft. 7' 6" in breadthi 
what is its area ? 



6 


r 


9" 






2 


7' 


5" 






13 


8' 


6" 




8 


10' 


6" 


8*" 


- 




2' 


9" 


2"' 


9"" 



Ans. 17 4' 9 



n mttt /\"" 



^ First, 9" X 2 = 18" = 
1' 6" ; the 6" we write un- 
der the seconds, and re- 
serve the 1' to add to the 
next product, thus, 7' X 2 
= 14 , which increased bv 
the 1 previously obtcdned 
gives 15' = 1ft. 3' ; the 3' 
is written down, and the 1ft. is carried to the product of the feet, 
making 13ft In like manner we multiply the multiplicand bj 
the T and then by the h'\ setting the partial products as in the 
margin. Finally, the vaia of these partial products is the pro- 
duct sought. Hence, 

188« To perform Multiplication of Duodecimals, 

Rule. — By the rule in compound multiplication^ multipfff 
€€U)h term in the multiplicand by each in the multiplier, and write 
tJie terms of the severed partial products in the order of their 
values, so that similar terms shall stand in a column togethw ; 
Ihs sum of the partial products will be the entire product. 
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Ex. 2. What quantity of boards will be required to lay a floof 
14ft. 8' 3" in length and 18ft. 6' 9" in width ? 

Ans. 199ft. 2' 4" 8'" 3"". 

3. What are the contents of a granite block that is 8ft. 9' 3" 
long, 3ft- 2' 4" wide aad 2ft. 5' 7" thick ? 

Ans. 69ft. 0' 10" 4'" 5"" 1'"". 

4. How manj bricks aP3 required to build a wall 40ft. 8^ in 
Length, 15ft. & in hight and 1ft;. 4' in thickness, the dimensions 
of a brick being 8', 4' and 2* ? 

5. The walls of a house are 1ft. 4' thick ; how many bricks 
were .required to build it, the house being 38ft. long, 26ft» S' 
wide and 18ft;. 6' high ? 

6. A certain house has 4 tiers of windows and 1 1 windows in 
each tier ; tlie hight of the first tier is 5ft. 8', of the second 5ft, 4', 
of the third 4ft. 9' and of the fourth 4ft. 3' ; the breadth of each 
window is 3ft^ 9'. How many square feet do they contain ? 

180* The merchantable thickness of boards is T; .*., to 
reduce timber, joist, plank, etc. to board measure, Jlnct the area 
of one face of the stick, and muUiply this by the number express^ 
ing its thichness in inches, 

7. How many feet, board measure, in a plank 12ft. 4' long, 
2ft. 3' wide and 4' thick ? Ans. 111. 

8. Huw many feet, board measure, in a plank 40ft. 6' long, 
2ft. 6' wide and 2' 9" thick ? Ans. 278ft. 5' 3". 

9. How many feet, board measure, in a stick of timber 36ft. 
9' long, 9' wide and 6' 6" thick ? 

10. How many feet of boards will be required to make 12 
boxes whose interior dimensions are 5ft, 6', 4ft, 9' and 3ft. 8', the 
boards being Y in thickness ? 

11. How many feet less are required to make 12 boxes whose 
exterior dimensions are like the inferior of those in Ex. 10, the 
boards being of the same thickness? Ans. 111ft. 4'. 

12. What is the difference of the capacities of the two sets of 
boxes described in Ex. 10 and 11 ? Ans. 122ft. 10'. 
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Id. How many square feet in the floor, ceiling and four walla 
of a room that is 18ft. 6' long, 15ft. 9' wide and 8ft. 4' high ? 

14. How many square yards of carpet will be required to 
cover a floor that is 16ft. 6' long and 15ft. 8' wide? 

15. Ifow many cubic feet in a cellar that is d8ft. 6' long, 24ft 
8' wide and 7ft. 9' deep ? 

16. How many cubic yards of earth must be removed in 
digging a cellar 40ft» 6' in length and 24ft. in width, between the 
walls, the walls to be 2ft. 6' in thickness, and the cellar to be 6ft. 
0' in depth from the surface of the ground ? 

17. A pile of wood is 8ft. long, 6ft. high and 4ft. wide ; how 
many cords does it contain ? 

Note. — The 17ih Ex. may evidently be solved by multiplying the 
length, breadth and hight together, and dividing the product by 12S; 
Uius, 

3 
zr^ni — :r3 — -J — ^ = ^ = 1 9 cords, Ans. ; 

bat, wood for market 10 usually cut 4 feet in length, and, consequently, wv 
may find the number of cords in a pile of such wood by multiplying the 
length of the pile by its hight and dividing the product by 32 ; thus, in the 
last example, 

-r-^ — J = - = 1^ cords, Ans. as before. 

18. How many cords of wood in a pile that is 20ft. 6 long, 
8ft. high and 4ft. wide ? 

19. How many cords in a pile that is 67ft« 9' long, 17ft. 8' 
high and 4ft. wide ? 

20. How many cords in a pile that is 25ft. long, 7ft. high and 
4ft. wide? 

21. How many cords in a pile that is 33ft. 8' long, 6ft. 6' bigb 
and 3ft. 10' wide ? 



N. 



fllTBBEffr. 



X 



§ 17. INTEREST. 



190. When money is lent, the borrower pays the lender fw 
itt use. 

191 • The money lent is called the Principal; the sum paid 
far the use of the principal is the Interest ; the sum of the pn ii- 
eipal and interest is the Amount. 

193* The interest is a certain per cent. • of the principal; 
i. e. so many dollars for each hundred dollars, so many pounds 
for each hundred pounds, etc; e. g. $6 for $100, £6 for £100, 
etc., is 6 per cent; $5 for $100, 5cts. for lOOcts., etc., is 5 per 
cent. 

The annual per centage is the Bate. 

193* The rate is usaaHlj Jixed hy law* 

In New England and most of the United States the legal or 
awful rate is 6 per cent; in New York, 7 per cent; in Ulinois 
And most of the Western States, as high as 10 per cent by 
agreement; in Texas, as high as 12 per cent; in Califomia, 
ani/ rate by agreement, etc. In France and England, 5 per 
cent 

Note. — In this treatise, 6 per cent is understood when no per cent ii 
mentioned. 

194:* When the rate is 6 per cent, the interest of $1 for a 
year is Gets. ; for 2 years, 12cts., etc ; for 1 month, ^ of Gets. 
= 5 mills or f ct ; for 2 months, let ; 3 months, 1 ^cts. ; G months. 
Sets. ; 9 months, 4 Jets., etc ; for 1 day, ^ of 5 mills = ^ mill ; 
for 2 days, ^m. ; 8 days, Jm. ; 4 days, |m. ; 5 days, Jm. ; G dayn, 
Im.; 7 days, IJm.; 9 days, IJm.; 12 days, 2m.; 24 days, 4nLi 
•tc, etc Hence, 

To find the interest of $1 at G per cent., for any time. 



* Per cent is a contraction of per centum, a Latin phrase which means )§ 
^ hundi-ed. 
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6cif. (= $.06) for each year^ let. for each 9 
part of a year, 5 milU (= $.005) for the odi 
. he one J and 1 miU for each 6 days in the part ^ 

Ex. 1. ^XaX is the interest of $1 for djr. 9nL 18d. ? 

$.1 8 =: interest of $1 for 3 years. 

.0 45= « a«« 9 months. 
_^0 03= « «a« 18 days. 
$.2 2 8= « « « a 3^, 9ni, igd., Ans. 

S. What is the interest of $1 for 2yr 5m. 20d. ? 

$.1 2 = interest of $1 for 2 years. 
.0 25= ^ u a u 5 months. 
.003^ = « u a u 20 days. 

$.148^= ** " « « 2yr. 5m. 20d., Ans. 

8. What is the interest of $1 for 5 yr. 11m. lod. ? 

Ans. $.357^ 

4. What is the interest of $1 for lyr. 7m. 29d. ? 

Ans. $.0991* 

5. What is the interest of $1 for 2yr. 4m. 4d. ? 

Ans. $.140|. 

6. What is the interest of $1 for 8yr. 3m. 17d. ? 

7. What is the interest of $1 for 4yr. 11m. 1 2d.? 

8. What is the interest of$l for 14yr. 6m. 7d.? 

9. What is the interest of $1 for 2yr. Im. 5d. ? 
10. What is the interest of $1 for 3yr. 8m. 3d. ? 

lOtS* The interest of $2 is evidently twice as much as ih# 
Interest of $1 ; so the interest of $3, $4 or %7 is 3, 4 or 7 times 
the interest of $1 ; and the interest of $2.25 is 2.25 (i. e. 2 and 
25 hundredths) times the interest of $1 ; .*., to find the interest 
of any number of dollars we have only to find the interest of $1, 
and then repeat that as many times as there are dollars in the 
principal 
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11. What lA .he interest of $2 for Sjr. 7m. 9d. ? 

$.2 1 6 J = interest of $1 for 3yr. 7m. 9d. 
2 

$.4 3 3 = interest of $2 for 3yr. 7m. 9d., Ans. 

12. What is the interest of $5.25 for I jr. 11m. 18d.? 

$.118 = interest of $1 for lyr. 11m. ISdi 
5.2 5 

590 
236 
590 



$.61950 = interest of $5.25 for 1 yr. 11m. ISd., Ana. 

13. What is the interest of $500 for 37r. 11m. 12d. 

$.237 = interest of $1 for 3yr. 11m. 12d. 
500 

$1 1 8.5 = interest of $500 for 3yr. 11m. 12d., Ans. 

14. What is the interest of $350 for 2yr. 7m. 15d. ? 

Ans. $55,125. 

15. What is the interest of $15.20 for 8yr. 10m. 9d. ? 

16. What is the interest of $44.44 for 4yr. 7m. 19d. ? 

17. What is the interest of $18.50 for 2jr. 9m. 3d.? 

18. What is the interest of $15.33 for Sjr. 5m. 8d. ? 

19. What is the interest of $12.48 for lyr. 7m. lid. ? 

20. What is the interest of $27.57 for 3m. lOd. ? 

21. What is the interest of $45,156 for 26d. ? 

22. What is the interest of $47,543 for Ijr. 5m. 17d ? 

196« The mode of casting interest given in Art 1 95 is pop- 
f'rctly simple, but the product is not changed when the multipli* 
CMnd and multiplier change places (41). Hence, according to 
custom, 

To cast interest^ at 6 per cent, per annum, on any sum, for 
any time, 

HuLic — Multiply the principal by the decimal which repr^ 
•e\tt the interest of $1 far the given time. 
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23. What is the interest of $468 for 2yr. 6m. lid. ? 



FIRST OPERATION. 

$4 6 8. = Principal 
.1 5 1 If = int. of $1. 



890 
468 

2340 

468 


$7 1.0 5 8, Ans. 

tBCOND OPERATION. 

$4 6 8. 
•151 Ji 

234 

156 

468 
2340 
468 


$7 1.0 5 8, Ans. 



^= J+ i. Instead ol 
multiplying by |, as in thii 
example, it is usually easiei 
to multiply by J and J, i. e 
divide by 2 and 3, as in thi 
following operation : — 



In like manner, when the 
multiplier is §, we may divide 
by 3 and set down the quo- 
tient twice. 



24 What is the interest of $87.66 for lyr. 7m. 15d. ? 

Ans. $8.54685. 

25. What is the interest of $356 for 3yr. 8m. 18d. ? 

Ans. $79,388. 

26. What is the interest of $965,188 for 2yr. 3m. lid.? 

Ans. $132.07—. 

Note 1. — in the 26th example, the Ans. is $132.069891 1, but this, in all- 
ordinary business transactions, would be called $132.07. In the following 
examples in interest, only 3 decimal places in the product will be preserred, 
but if the 4th decimal place is 5 or more, tlie 3d place will be increased bj I 
Uiousandth. 

« 

27. What is the interest of $356,184 for 2yr. 3m. 9d.? 

$48,619, Ana 

28. What is the interest of $46,785 for 5yr. 8m. 17d. ? 

Ans. $16,039. 

29. What is the interest of $17.49 for lyr. 7m. 8d. ? 

Ans. $1,685. 
80. What is the interest of $1307.87 for 2yr. 9m. 6d. ? 
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51. What is the interest of $87.46 for 2yr. 4d. ? 

32, What is the interest of $.57 for 6yr. 8m. ? 

83. What is the interest of $1847.96 for 3yr. 6m. 3d. ? 

34. What is the interest of $432.50 for 8m. 27d. ? 

35. What is the interest of $125 from June 7, 1851, to Feb. 
II, 1854? Ans. $20,083. 

NoTB 2. — ^£x. 35 difTers from the preceding only in finding the timi 
170). 

36. Find the interest on $76.72 from April 18, 1852, to Jai> 
26, 1855. $Ans. 12.761. 

87. Find the interest on $1728 from Aug. 17, 1854, to Sept 
19, 1858. 

38. Find the interest on $111,111 from Oct. 12, 1853, to 
Dec. 80, 1857. 

39. What is the interest on $37.75 from Nov. 13^ 1816, to 
May 12, 1811 ? 

40. What is the interest of $100 fix)ni Mai-ch 26, 1818, W 
June 21, 1842? 

107* When the principal is in pounds, shillings, pence, etc^ 
reduce the lower denominations to the decimal of a pound (Ji 60), 
then proceed as with dollars and cents, and finally reduce the 
decimal part of the interest back to shillings, pence, etc. (161). 
But 3 decimal places in the multiplicand are used. 

41. What is the interest of 25£ 15s. 8d. 3qr. for 2yr 9m 
15d. ? Ans. 4£ 6s. 4d. 2qr. 

42. What is the interest of £144 15s. 8d. 2qr. for lyr. 6m. 
18d. ? Ans. 13£ 9s. 3d. 2qr. 

43. What is the interest of 75£ 6s. 4d. Iqr. from Jan. 17, 

1852, to Dec. 23, 1855? 

44. Find the interest on £87 10s. 9d. from July 15, 1853, to 
July 4, 1857. 

45. What is the interest on £100 I83. 3qr. from March 4, 

1853, to March 4, 1857 ? 

108* When money is borrowed of a private individual, the 
interest is usually payable at the time of settlement if that be 

IS 
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frithin a year ; or, if the time is more than a year, the interest is 
payable annually ; but^ at the banks, money is usually lent for 
Bhort periods of time, as, e. g., for 30, 60 or 90 days, and th$ 
interest is paid when the money is borrowed. 

100» If the borrower promises to pay in a specified number 
of days, the law allows him 3 days more in which to pay ; thus, 
if he borrows for 50 days, he need not pay until the 33d day ; 
If for 60 days, he may pay on the 63d day ; etc 

These 3 days are called ^^days of grace^^ and, as the borrower 
is not obliged to pay until the 8d day of grace, so the lender 
charges interest for the time specified in the note, and 3 days 
nuyre ; thus, if $1000 are borrowed for 60 days, the Discount 
Clerk will deduct $10.50, the interest for 63 days, and pay the 
balance, $989.50. 

300* The sum deducted is called Bank Discount^ and is the 
same as Bank Interes* 

301* The interest of $1 for 60 days being leu, the mtercst 
of $2 is 2cts., of $3 is 3cts., of $1000 is lOOOcts., etc.; but 
cents are reduced to dollars by dividing by 100, i. e. by moving 
the decimal point two places towards the left. Hence, 

To calculate Bank Discount, 

Rule. — Consider the dollars in the principal, so many cents ; 
redtice these cents to doUars by moving the separatrix two places 
towards the left, and the result will be the interest for 60 days : 
then, if the time is more or less than 60 days, modify this resuU 
as the given time may require. 

46. What is the bank discount on a note of $684.48 payabk 
in 90 days ? 

$ 6.8 4 4 8 = Int. for 60 days. 
8.4 2 2 4 = Int. for 30 days = ^ the Int. for 60 days. 
.34224 = Int. for 3 days = ^ the Int. for 30 days. 

« 1 0.6 9 4 4 = Int. for 93 days, Ans. 

47. Wliat is the interest of $756.48 for 30 days and grace ? 
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S 7.5 6 4 8 = Int> for 60 days. 

3.7 8 2 4 = Int. for 30 days. 
.3 7 8 2 4 = Int. for 3 days. 



$ 4.1 6 6 4 = Int for 33 days, Ans. 

48. What is the interest of $174.25 for 45 days and grace t 

$ 1.7 4 2 5 = Int for 60 days. 

.87125 = Int for 30 days. 

.4 3 5 6 2 5 = Int for 15 days. 

.0_8 7 125 = Int for 3 days. 

$1.3 9 4 = Int for 48 days, Ans. 

49. Wliat is the interest of $469872 for 120 days and grace ? 

$9632.376. 

50. What is the interest of* $764.87 for 60 days and grace ? 

51. What sum of money may be drawn at a bank, on a note 
oi $468, payable in 45 days and grace ? Ans. $464,256. 

52. What sum may be drawn on a note of $844.28, payable 
in 90 days and grace ? 

53. What sum may be drawn on a note of $2348 for 30 days 
and grace? 

303* When interest is required at any other rate than 6 per 
cent, Jlrst find the interest at 6 per cent.; then divide this 
interest hy 6, which wiU give the interest at 1 per cent* ; and^ 
. finatty^ multiply the interest at 1 per cent hy the given rate* 

54. What is the interest of $346.50 for 2yr. 3m. 6d. at 5 pei 
cent ? . Ans. S39.27. 

S 3 4 6.5 = Principal. 

.18 6 = Int of Si at 6 per cent for 2yr. 3m. 6d 

207900 
103950 / 

34650 



6 ) f 47.1 2 40 = Int of Principal at 6 per cent 

S 7.8 5 4 = Int. of Principal at 1 per cent 
5 



• 8 9.2 7 = Int at 5 per cent, Ans. 
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55. Wliat is the interest of $856.47 for Ijr. 9ra. 8d. at 7 pef 
cent;? Ans. SI 06.25. 

56. WTiat is the interest of S666.666 for 6yT. 6m. 6d., at 8 
per cent ? 

57. What is the interest of S358.14 from .Jan. 18, 1849, to 
Dec 20, J 853, at 9 J per cent. ? 

58. What is the interest of $33.45 from Aug. 19, 1853, to 
June 7, 1855, at 4 per cent. ? 

59. What is the amount of $500 for 3yr. 7m. 18d. at 3 per 
u.nt.? Ans. $554.50. 

60. What is the amount of $48.50 for Ijr. 8m. 17d. at 4^ per 
cent.? 

61. What is the amount of $166.67 from Sb^t. 19, 1854, to 
Nov. 5, 1859, at 10 per cent. ? 

62. What is the interest of $564.18 for 3yf. 6m. 29d. at 7J 
per cent ? 

63. What is the amount of $1,125 for 16yr. 8m ? 

64. What is the interest of $1,125 for 33yr. 4m.? 

65. What is the interest of $6666.75 for 2yr. 7m. ? 

66. What is the amount of $1000 from Nov. 13, 1816, to 
May 12, 1841, at 7 per cent. ? 

67. What is the interest of $1000 fi^m May 12, 1841, to 
Nov. 13, 1857, at 5 per cent ? 

303* To cast interest on Notes when Partial Payments 
have been made. 

Rule. — Find the amount of the prtncipcd to the time of th€ 
first payment ; from this amount subtract the first payment, and 
the REMAINDER is a NEW PRINCIPAL, with wMch proceed to 
the time of the second payment, and so on to the time of setth- 
ment. 

Exception. — If any payment is less than the interest due^ 
rant the interest on the same principal up to the first time 
xvhen the sum of the payments shall equal or exceed the iiiterest 
iue ; then subtract the SUM of the payments frwrn the amount 
yf the. principal. 
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Ex. 1. $525 

For value received, I promise to pay John Davis, or order, 
five hundred and twenty-five dollars, on demand, with interesL 

Daniel Trusty. 

Andover, Mass., June 4, 1848. 

On this note are the following indorsements : — Sept. 9, 18 19^ 
$114.20; May 15, 1850, $78,285; Aug. 6, 1851, $244,375; 
what was due Feh. 9, 1853 ? Ans. $191,003. 

$ 5 2 5. Principal. 

3 9.8 1 3 Int. from June 4, '48, to Sept. 9, '49— lyr. 3m. 5d 

5 6 4.8 1 3 Amount of Principal to Sept. 9, 1849. 

1 1 4.2 1st Payment 

4 5 0.6 1 3 1st Remainder, forming the 2d Principal. 

1 8.4 7 5 Int. from Sept. 9, '49, to May 15, *50 — 8m. 6d. 

4 6 9.0 8 8 Amount of 2d Principal to May 15, 1850. 
7 8.2 8 5 2d Payment 

8 9 0.8 3 2d Remainder, forming the 3d Principal. 

2 8.7 2 4 Int from May 15,'50, to Aug. 6, *51— lyr. 2m. 21d. 

4 1 9.5 2 7 Amount of 3d Principal to Aug. 6, 1851. 

2 4 4.3 7 5 3d Payment 

1 7 5.1 5 2 3d Remainder, forming the 4th Principal. 
1 5.8 5 1 Int from Aug. 6, '51, to Feb. 9, '53— lyr. 6m. 3d. 

$ 1 9 1.0 3 Amount due, Feb. 9, 1858, Ans. 

2. $896.50. Andover, Nov. 13, 1845. 

For value received, we jointly and severally promise to pay 
James Thrifty, or bearer, eight hundred and ninety-six dollars 
and fifty cents, on demand, with interest 

Jacob Principal, 
John Surety. 

Indorsements: — Mar. 13, 1846, $100; Dec. 25, 1846, 
$25; Sept 13, 1847, $55,759; Aug. 7, 1848, $42.20; Nov. 19, 
1849, $36; Dec. 1, 1850, $50.75; Jan. 16, 1851, $347.88; 
Apr. 22, 1852, $386; what was due Dec. 80, 1852 ? 

12» 



% uttebbbt. 

1 8 9 6.5 PrincipaL 

17.9 3 Int. from Nov. 13, '45, to Mar. 13, '46 — te 

9 1 4.4 3 Amount of Principal to March 13, 1846. 

10 0. 1st Payment. 

8 1 4.4 3 1st Remainder, forming the 2d PrincipaL 

7 3.2 9 9 Int. from Mar. 13, '46, to Sept. 13, '47— Ijr. 6m 

8 8 7.7 2 9 Amount of 2d Principal to Sept. 13, 1847 

8 0.7 5 9 Sum of 2d and 3d Payments. 

8 6.9 7 2d Remainder, forming the 3d Principal. 

1 6.1.7 9 7 Int. from Sept. 13, '47, to Jan. 1 6,'51— 3yr. 4m. 8d 

9 6 8.7 6 7 Amount of 3d Principal to Jan. 16, 1851. 
4 7 6.2 8 Sum of 4th, 5th, 6th and 7th Payments. 

4 9 2.4 8 7 3d Remainder, forming the 4th Principal. 

3 7.4 2 9 Intfrom Jan. 16,'51,toApr.22,'52— lyr.3m. 6d« 

5 2 9.9 1 6 Amount of 4th Principal to April 22, 1852. 
3 3 6. 8th Payment. 

1 9 3.9 1 6 4th Remainder, forming the 5th Principal. 
8.0 1 5 Int. from Apr. 22, '52, to Dec. 30, '52— 8m. 8d. 

$ 2 1.9 3 1 Amount due Dec 30, 1852, Ans. 

. 8. $1000. Andover, June 4, 1850. 

For value received, we promise to pay S. Farrar, Esq., or 
urder, one thousand dollars, on demand, with interest from date. 

Higgins & Abbott. 

Indorsements : — Sept. 6, 1850, $50 ; July 14, 1851, $150 ; 
Aug. 9, 1852, $25; May 14, 1853, $28 ; Oct. 15, 1853, $125; 
Nov. 11, 1853, $75 ; Nov. 13, 1854, $500 ; what was due Mar. 
26, 1855 ? Ans, $282,583. 

4. $756.75. Fitchburg, Mass., Jan. 12, 1852. 

Four months after date, I promise to pay Thomas Eaton, or 
bearer, seven hundred and fifty-six dollars and seventy-five cents, 
with interest, for value received. Benjamin Snow, Jr. 

Indorsements :.— Sept. 18, 1852, $300,777; Dec 30, 1853, 
^300.499; July 12, 1854, $6,566; April 24, 1855, $55.13-. 
▼iiat was due Dec 80, 1855 ? Ans. $187.38. 
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5. $500. Boston, Jan. 1, 1851. 
For value received, I promise to pay A. B. or order, five 

hundred doUai*8, in six months, with interest afterwards. C. D. 

On the above note, $350 were paid, July 1, 1852 ; what wae 
due Jan. 1, 1853 ? Ans. $185.40. 

6. $3476.875. Andover, July 18, 1849. 
For value received, I prmnise to pay Higgins & Abbott, or 

order, three thousand four hundred and seventy-six dollars, 
eiglity-seven cents and £ve mills, on demand, with interest. 

John Flint 

Indorsements: — Oct 6, 1849, $747.56; Jan. 15, 1850, 
$54.75 ; April 4, 1851, $47.86 ; Dec. 18, 1852, $995.46 ; April 
16, 1853, $1000. What was due Aug. 4, 1854? 

7. $448.50. Colchester, Jime 15, 1854. 
For value received of Joshua Clark, I promise to pay him, or 

order, four hundred forty-eight and ^^ doUars, on demand, with 
interest at 7 per cent. Alfired B. Peirce. 

Indorsements :— Dec. 6, 1854,^ $75; April 19, 1855, $125; 
Dec 15, 1855, $10 ; Jan. 25, 1856, $100. What was due July 
8,1856? Ans. $183,607. 

304:. The rule given in Art. 203 is the one adopted by the 
United States Courts and most of the State Courts ; but, when 
settlement is made within a year a^r interest commences, it is 
customary to adopt the following 

KuLE. — 1. Find the amount of the principal from tfie time 
when interest commenced to the time of settlement. 

2. Find the' amount of each payment from the time of payment 
to the time of settlement, 

3. Subtract the sum of the amounts of the payments from iht 
amount of the principal, 

Ex. 1. . S600. Colchester, Ct, Dec. 15, 1852. 

For value received, I promise to pay Hay ward, Burr & Co- 
w «r^y six hundred dollars on demand, with interest. 

Toshua Clark, 
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<? A-Feb. 3, 1853, S200; June 6, 1853, $150 1 

,6. What was due Dec. 3, 1853 ? 

>*al. 
. Prin. from Dec. 15, *52, to Dec. 3, '53— 11m. I8d 

l^w >unt of Principal to Dec 3, 1853. 

$200. 1st Payment. 

10. Int. of 1st Payment to Dec. 3, '53-lOia 

$210. Amount of 1st Payment to Dec. 3, 185S. 

$150. 2d Payment. 

4.425 Int. of 2d Payment to Dec 3, '58— 

5m. 27d. 
$154,425 Amount of 2d Payment to Dec 3, 1853. 
S200. 3d Payment. 
3^80 Int. of 3d Payment to Dec 3, *53— 

3m. 24d. 
$203.80 Amount of 3d Payment to Dec 3, 1858. 

$568,225 Sum of the Amounts of the 3 Payments. 

$ 66.575 Sum due Dec 3, 1853, Ans. 

2. $1250.75 East Dennis, Mass., June 4, 1854. 

For value received, I promise to pay Christopher Sears, or 
order, twelve hundred fifty and ^f^\ dollars, on demand, with 
interest. Seth Crowell. 

Indorsements: — Dec 16, 1854, $300; Jan. 1, 1855, $250; 
Feb. 18, 1855, $400; March 15, 1855, $300. What was due 
May 15, 1855? 

ftOS* In every example in interest there are four elements 
or particulars which claim special attention, viz., Principal, 
Rate, Time and Interest, any three of which being given, tha 
other can be found. 

S06. To find the Interest when the Principal, Rate and 
Time are given, has, thus far, been the object of our discussion. 

The other branches of the subject give rise to the followinf 
problems : — 
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307. PROB. lif— Principal, Interest and Time given, to find 
die Rate 

Ex. 1. At what rate per cent, must $300 be put on interest to 
^ain S18 in 2 jears ? 

$300, at 1 per cent., will gain $6 in 2 years ; .'., to gain $18, 
ihe rate must be the quotient of $18 -7- $6 = 3. Hence, 

BuLE. — Divide the given interest hy the interest of ihe princi' 
valyfor the given time, at 1 per cent, 

2. At what rate per cent must $370 be put on interest to 
pun $55.50 in 3 years ? Ans. 5. 

3. If $97 gain $33.95 in 5 years, what is the rate per cent. ? 

4. If $50 gain $5.60 in Syr. 6m., what is the rate per cent. ? 

Ans. 3}. 

5. If $75 gain $27 in 4 years, what is the rate per cent ? 

908« Pros, i^ — Principal, Interest and Rate given, to find 
6e Time. 

Ex. 6. For what time must $200 be on interest at 6 per cent 
II gam $36? 

$200 in 1 year, at 6 per cent, will gain $12 ; .*., to gain $36, 
tt«e time in years must be the quotient of $36 -^ $12 =r 3 
Hence, 

Rule. — Divide the given interest hy the interest of the princi 
pal for one gear at the given rate, 

7. How long must $1 33 be on interest at 7 per cent, to gain 
$32,585 ? Ans. 3.5yr. = 3yr.6m. 

8. How long must $50 be on interest at 9 per cent to gain 
$11.85 ? Ans. 2.63 Jyr. = 2yr. 7m. 18d. 

9. How long must $150 be on interest at 6 per cent to 
amount to $195 ? Ans. 5 years. 

10. For what time must $56 be put to interest at 8^ per cenu 
to amount to $69 09 ? 

11. Foi what time must $1000 be put to interest at 9 per 
vent to gain $495 ? 
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12. How long will it take any sum of money to doubk iteeH 
on interest at 6 per cent. ? 

13. In what time will a sum of money quadruple itself on 
interest at 5 per cent. ? 

S09. Pbob. 3. — ^Interest^ Time and Bate given, to find the 
Principal ? 

Ex 14. What principal, at 6 per cent, will gain $18 in lyr. 
6m. ? * 

$1, in lyr. 6m., at 6 per cent^ will gain 9cts., i. e. $.09 ; .*., 
the principal must be the quotient of $18 4- .09 = $200 
Hence, 

'RxrLn.—rJDivtde the given interest by the interest of $1 for the 
given rate and time, 

15. What principal, at 5 per cent, will gain $15 in 6 months ? 

Ans. $600. 

16. What principal, on interest at 8 per cent, will gain $10C 
semi-annually ? 

17. B endowed a professorship with a salary t/ $1500 per 
annum ; what sum did he invest at 6 per cent ? 

18. What sum must be invested in property yielding 8 pei 
cent, to furnish an income of $1600 per annum ? 

19. What principal, at 3 per cent, will gain $'/4.32 in Syr 
6m. 18d. ? 

20. What sum, at 6 per cent, will gain $59.76 in lyr. Sm 
27d.? 

310. To the preceding we may add 

pROB. 4. — Amount, Bate and Time given, to find the Prin 
cipal? 

£x. 21. What principal, at 5 per cent, will amour t to $110 
in 2 years ? 

$1 in 2 years, at 5 per cent, amounts to $1.10 ; / , tli6 priv 
cipal must be the quotient of $110 -£- 1.10 = $100. iunoe, 
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Rttle. — Divide the given amount by the amount of %\for ike 
given rctte and time. 

22. What principal, at 6 per cent, will amount to $360,585 in 
16 months ? Ans. $333,875. 

23. What is the interest of that sum for 3 years, at 6 per 
cent, which wiU, at the given rate and time, amount to $472. 

Ans. $72. 

24. What sum, at 9 per cent, will amount to $3569.47 in lyr. 
8m. 12d. ? 

25. What is the interest of that sum for 27r. 6m., at 8 per 
cent, which will, at the given rate and time, amount to $480 ? 



S 18. COMPOUND INTEREST. 
311. Simple Interest is interest on a given principal (19i)« 

SIS. Compound Interest is interest on both principal 
and interest, the latter not being paid when it becomes due. 

313« The principal may be increased by adding the interest 
to it annually, semi-annually, quarterly, etc, according to agree 
ment. 

31 4:. Compound interest, though just, is not legal. 

However, if the creditor makes a legal demand for the interest 
when it becomes due, he may collect interest on the interest ; 
and this is, virtually, coUecting compound interest. 

In Hke manner, a demand made for the payment of a store-biD 
or any other account, will enable the creditor to collect interest 
on the account from the time of the demand. 

31<(. To calculate Compound Interest, 

Rule. — Make the amount for the first year or speciJUd 
ftHM, the vnuxGiPAi. for the second ; the amount for the second, 
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the principal for the third ; and so on. From the last 
AMOUNT subtract the first principal, and the remainder is 
the compound interest, 

Ex. 1. What is the ooqipound interest on SI 00 for Sjr. SmOiy 
fit 6 per cent, per annum ? 

ilOO. IstPrincipaL 

6. Interest for 1 year. 

10 6. 1st Amount or 2d Principal. 

6.3 6 . Interest of 2d Principal for 1 jear. 

1 1 2.3 6 2d Amount or 3d Principal. 

6.7 4 1 6 Interest of 3d Principal for 1 year. 

1 1 9.1 1 6 3d Amount or 4th Principal 

1.7 8 6 5 2 4 Interest of 4th Principal for 3 months. 

1 2 0.8 8 8 1 2 4 4th or last Amount. 
10 0. 1st Principal. 



S 2 0.8 8 8 ] 2 4 Compound Interest for 3yr. 3m., Ans. 

2 What is the compound interest on $200 for lyr. 8m^ at 4 
per cent per annum, allowing interest to be due semi-annuaU j ' 

S2 00. IstPrincipaL 

4. Interest for 6 months. 

2 4. 1st Amount or 2d Principal. 

4.0 8 Interest of 2d Principal for 6 months. 

2 8.0 8 2d Amount or 3d Principal. 

4.1 6 1 6 Interest of 3d Principal for 6 months. 

2 1 2.2 4 1 6 3d Amount or 4th Principal. 

1,4 1 4 9 4 4 Interest of 4th Principal for 2 months. 



2 1 3.6 5 6 5 4 4 4th or last Amount. 
2 0. 1st Principal. 

% 1 3.6 5 6 5 4 4 Compound Interest for lyr. 8m., Ans. 

8. What is the compound interest on SI 000 for 3 years, at 
oer cent. ? Ans. $225,043. 

4. What is the amount of $5000 at compound interest, for 
4yr. lOro.? Ans. $6628.004-}-. 
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5. What is the amount of $900 at compound interest for 2jt. 
7m., interest payable quarterly ? 

6. What is the compound interest on £48 10s, for Syr. 9m. ISd.* 

7. What is the compound, interest on $3476.95, at 7 per cenU, 
for 2yr. 7m. 27d. ? 

8. What is the amount of 25cts. for Syr. 5m. 16d., at 8 per 
^^ent, compound interest ? 

9. What is the amount of S25 for Syr. 5m. 16d., at 3 per 
aent., compound interest ? 

10. What is the amount of $25 for Syr. 5m. 16d., at compound 
mterest ? 

11. What is the amount of $1000000 for 6yr. 6m. 6d., com- 
pound interest ? 

SIO* Compound interest may be calculated more expodi- 
dously by means of the following 



TABLE, 

Showing the Atnount of $\ , £1., etc., interest compounded annually at 4, 5, 6, 7 

and 8 }>er cent.^ from 1 to 20 years. 
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4 per cent 


5 per cent. 
1.0.50000 


6 per cent. 


7 per cent. 
1.070000 


8 per cent. 


T» 


1 


1.040000 


1.060000 


1.080000 


1 


2 


1.081600 


1.102500 


1.123600 


1.144900 


1.166400 


2 


3 


1.124864 


1.157625 


1.191016 


1.22.50*3 


1.2,59712 


3 


1 


1.1698.59— 


1.215506+ 


1.262477— 


1.310796+ 


1.360489— 


4 


5 


1.216653— 


1.276282— 


1.338226— 


1.4025.52— 


1.469328-1- 


5 


6 


1.265319-h 


1.340096— 


1.418519+ 
1.. 503630+ 


1.500730+ 


1.5868744- 


6 


7 


1.315932— 


1.407100-f 


1.60.5781 4- 


1.713824-j- 


7 


8 


1.368569+ 


1.477455+ 


1.593848+ 


1.718186+ 


1.850930+ 


8 


9 


1.423312— 


1.551328+ 


1.689479— 


1.838459+ 


1.999005— 


9 


10 


1.480244+ 


1.628895— 


1.790848— 


1.967151 + 


2.15892.5— 


10 


11 


1.539454+ 


1.710339+ 


1.898299— 


2.104852— 


2.331639— 


11 


12 


1.601032+ 


1.795856+ 


2.012196+ 


2.2.52192— 


2.5181704- 


12 


13 


1.665074— 


1.885649+ 


2.132928+ 


2.4098454- 


2.719624— 


13 


14 


1.731676+ 


1.979932— 


2.260904— 


2.578.534-1- 


2.937194— 


14 


I.*! 


1.800944— 


2.C78928+ 


2.396558+ 


2.759032— 


3.172169+ 


ir. 


16 


1.872981 + 


2.18287.5— 


2.540352— 


2.9.52164— 


3.425943— 


Ki 


17 


1.947900+ 


2.292018+ 


2.692773— 


3.1.5881.5+ 


3.700018- 


- 


17 


18 


2.025817— 


2.406619+ 


2.8.54339+ 


3.379932+ 


3.996019- 


- 


K- 


19 


2.106849+ 


2.526950+ 


3.025600— 


3.616.528— 


4.31,5701- 


- 


i9 


to 


2.191123+ 


2.653298— 


3.207135+ 


3.869684+ 


4.660957- 


-■ 


20 
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Ex. ] 2. What is the compound interest j j $000 at 6 pet 
cent, per annum for 207r. ? 

$2.2 71 3 5 = Int of $1 for 20yr. taken from the TaUe 
600 

$ 1 3 2 4.2 8 1 = Int of $600 for 20yr. — Ans. 

18. What is the compound interest on $80 at 6 per cent psf 
Milium for 5 jr. 6m. ? 

5^ 1.3 3 8 2 2 6 = Amount of $1 for 5jt. 
.03 = Int of $1 for 6m. 

."4014678 

.338226 =Int of $1 for 5yr. 

S .1) 7 8 3 7 2 7 8 = Int. of $1 for 5 jr. 6m. 
80 

S 1 1.3 5 1 1 8 3 4 0=lnt of $80 for 5jr. 6m.-->Aii8. 

14. What is the amount of $50, at 7 per cent, per fttinnMy 
lor 15yr. at compound interest? 

$2.7 5 9 8 2 = Amount of $1 for 15yr. 
5^ 

$ 1 3 7.9 5 1 6 = Amount of $50 for I5yr. — Am. 

15. What is the amount of $350.50, at 8 per cent compound 
bterer:, for 18yr. 7nL 12d.? 

16. What is the interest of $500, at 8 per cent per annmi^ 
compounded semi-annually for 97r. 6m. ? Ans. $553,425. 

17. What Is the amount of $1000, at 16 per cent p« r aimifm 
interest compounded quarterly for 3yr. 6m. 12d. ? 
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S19. COMMISSION. 



ttl7. CoHMiBSiOK M a compensation made to an agent fir 
transacting certain kinds of ImsinesSy such e. g. as buying and 
selling goods, collecting and loaning money, etc 

318. This compensation is usually so much per cent, on thn 
money collected, lent, expended, etc Hence, 

BuLE. — MuUiply the sum collected^ lenty expended^ etc,, hy the 
rate per cent* 

Ex.^1. What shall I pay my agent for selling $1350 worth 
of goods, his commission being 2 per cent. ? Ans. $27. 

2. What shall I receive for collecting $5725, my commifl- 
rion being 3 per cent ? 

3. The taxes in the town of A for the year 1855, wei 
$18000. What was the cost of collecting them, ^ of 1 per ceni 
commission being allowed ? Ans. $36. 

4. My agent has lent for me $6350. His commission is { 
of 1 per cent ; what shall I pay him ? 

5. An agent has purchased goods for his employer to the 
amount of $3484.50. What does his conmiission amount to, at 
1 per cent. ? 

6. My agent has sold 34 cases of Rubber Shoes, containing 
100 pairs each, at 75 cents per pair. His commission being 1 J 
per cent, what shall he retain for his services and what shall he 
pay over to me ? 

Ans. His commission, $38.25 ; my due, $2511.75. 

7. My agent in New Orleans has bought 500 cwt 3qr. 12^ib. 
of sugar at $9 per cwt ; to what does his commission of 3^ per 
cent amount ? 

8. Having sold 35601b. of tea at 37^ct, what is my commis- 
sion at 2 per cent, and how much money shall I remit to mj 
employer ? 
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§20. INSURANCE. 

319. Insurance is security against loss of property by firSi 
ihipwreck or other casualty ; or against loss of life or health by 
disease or disaster. 

330. The sum paid for the insurance is called the premium^ 
9Dd is usually a certain per cent, on the sum insured. The per 
oent varies according to the nature of the property, or the age, 
etc., of the person insured. 

Insurance against loss by fire varies from about ^ of 1 per 
cent up to 5 per cent or more ; and some property is so hazar- 
dous that Insurance Companies decline taking the risk at cmjf 
per centage. 

331 • To prevent fraudulent destruction of property, Insure 
iince Companies will usually insure property for only ahout ^ or 
} its vaJue, requiring the owner to risk the remainder. Property 
insured at one office may be insured at another by consent of 
the first insurers, but not so that the aggregate insured at the 
difierent offices shall exceed that portion of its value which a 
single office is accustomed to insure. 

333. A person who gets insured in a Mutual Insurance 
Company thereby becomes a member of the company, and, to 
some extent, liable to pay the losses of the company. He pays 
the premium when he effects the insui*ance, and also gives his 
note for 5 times the premium, and this note is the basis for 
assessments, if the loeses of the company require assessments to 
be mAde. The law also allows assessments to the extent of 
twice the face of this note ; so that the insured is liable to pay 10 
times the original premium in addition to that premium ; yet a 
well conducted company is as likely to pay a dividend as to make 
an assessment. Besides this, the premium in a mutual compctng 
Ib usually much less than in other companies, being not man 
ihan from ^ to 2 per cent for a period of I* years. 
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333. The writing or record of the contract given bj tlie in- 
«urers to the insured is called the policy. 

ft94:» The insurers are frequentlj called the underwriienf 
Rspeciallj in marine insurance. 

ftHS. To calculate the premium, 

Rule. — Multiply the turn insured hy the rate per cent. 

Ex. 1. What is the cost of insuring $5000 on mj house for 1 
vear, at ^ of 1 per cent, the policy being $1.25 ? 

Ans. $11.25. 

2. What is the annual premium for insuring a manufacturing 
establishment in the sum of $500,000, at 2 per cent. ? 

3. Effected insurance on mj ship, the Rover, bound to Can 
ton, for $21500, at 3^ per cent. What is the premium ? 

4. My agent at Liverpool informs me that he has shipped to 
me goods valued at 534£ 10s. 6d. I have effected insurance on 
this sum at a premium of 1 j per cent What must I pay, in- 
fduding $1.25 for the policy, tiie pound being worth $4.87 ? 

Ans. $46,805. 

5. What will be the annual premium for insuring $12000 for 
7 years on the life of a man 25 years of age, in the Massachusetts 
Hospital Life Insurance Company, the premium being .97 of 
1 per cent annually ? Ans. $116.40. 

6. What will be the annual premium for insuring $5000 for 
10 years on the life of a man 30 years of age, the premium 
being 1.09 per cent ? 

7. What is the premium on $3000, insured on my house by 
the Andover Mutual Insurance Company, at i per cent, for • 
period of 5 years ? Ans. $15. 

8. What is the premium for insuring 437X 16s. 3d., at 2| f «i 
oent, the pound being worth $4.87 ? 

18* 
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Indorsements: — Feb. 3, 1853, S200; June 6, 1853, $150 j 
Aug. 9, 185?, $200. What was due Dec. 3, 1853 ? 

$600. Principal. 

34.80 Int. of Prin. from Dec 15, '52, to Dec 3, '53— 11m. I8d 

$634.80 Amount of Principal to Dec 3, 1853. 

$200. 1st Payment. 

10. Int. of 1st Payment to Dec 3, '53-lOia 

$210. Amount of 1st Payment to Dec 3, 185S. 

$150. 2d Payment. 

4.425 Int. of 2d Payment to Dec 3, '58— 

5m. 27d. 
$154,425 Amount of 2d Payment to Dec 3, 1853. 
$200. 3d Payment. 

3.8 Int. of 3d Payment to Dec 3, '53— 

3m. 24d. 
$203.80 Amount of 3d Payment to Dec 3, 1858. 

$568,225 Sum of the Amounts of the 3 Payments. 

$ 66.575 Sum due Dec 3, 1853, Ans. 

2. $1250.75 East Dennis, Mass., June 4, 1854. 

For value received, I promise to pay Christopher Sears, or 
order, twelve hundred fifty and ^q\ dollars, on demand, with 
interest Seth Crowell. 

Indorsements: — Dec 16, 1854, $300; Jan. 1, 1855, $250; 
Feb. 18, 1855, $400; March 15, 1855, $300. What was due 
May 15, 1855? 

ftOS* In every example in interest there are four elements 
or particulars which claim special attention, viz., Principal, 
Rate, Time and Interest, any three of which being given, tha 
other can be found. 

300« To find the Interest when the Principal, Rate and 
Time are given, has, thus far, been the object of our discussion. 

The other branches of the subject give rise to the foUowinf 
problems : — 
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307. Frob. lif— Principal, Interest and Time given, to find 
die Rate. 

Ex. 1. At what rate per cent, must $300 be put on interest to 
gain S18 in 2 jears? 

S300, at 1 per cent., will gain $6 in 2 years; .*., to gain $18, 
ihe rate must be^the quotient of $18 ~ $6 = 3. Hence, 

BuLE. — Divide the given interest hy the interest of jihe princi' 
wdyfor the given time, at 1 per cent, 

2. At what rate per cent must $370 be put on interest to 
pun $55.50 in 3 years ? Ans. 5. 

3. If $97 gain $33.95 in 5 years, what is the rate per cent. ? 

4. If $50 gain $5.60 in Syr. 6m., what is the rate per cent. ? 

Ans. 3}. 

5. If $75 gain $27 in 4 years, what is the rate per cent ? 

908« Pros, i^ — Principal, Interest and Rate given, to find 
6e Time. 

Ex. 6. For what time must $200 be on interest at 6 per cent 
li gain $36? 

$200 in 1 year, at 6 per cent, will gain $12 ; .*., to gain $36, 
tt« time in years must be the quotient of $36 -^ $12 =r 8 
Hence, 

Rule. — Divide the given interest by the interest of the prind 
pal for one year at the given rate, 

7. How long must $1 33 be on interest at 7 per cent to gam 
$32,585 ? Ans. 3.5yr. = 3yr.6m. 

8. How long must $50 be on interest at 9 per cent to gain 
f 11.85 ? Ans. 2.63 Jyr. = 2yr. 7m. 18d. 

9. How long must $150 be on interest at 6 per cent to 
amount to $195 ? Ans. 5 years. 

10. For what time must $56 be put to interest at 8^ per cenu 
to amount to $69 09 ? 

11. Foi what time must $1000 be put to interest at 9 per 
o^t to gain $495 ? 
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12. How long will it take any sum of money to doiibk itseH 
on interest at 6 per cent. ? 

13. In what time will a sum of monej quadruple itself on 
interest at 5 per cent ? 

S09. Frob. 3. — ^Interest, Time and Bate given, to find the 
Principal ? 

Ex 14. What principal, at 6 per cent., will gain $18 in Ijr. 
6m. ? * 

$1, in lyr. 6m., at 6 per cent., will gain 9cts., i. e. $.09 ; .*., 
the principal must be the quotient of $18 4- .09 = $200. 
Hence, 

'RxTLZ.-^IHvide the given interest hy the interest of $1 for tht 
given rcUe and time, 

15. What principal, at 5 per cent, will gain $15 in 6 months ? 

Ans. $600. 

16. What principal, on interest at 8 per cent, will gain $10C 
semi-annuallj ? 

17. B endowed a professorship with a salary. «/ $1500 per 
annum ; what sum did he invest at 6 per cent ? 

18. What sum must be invested in property yielding 8 pef 
cent to furnish an income of $1600 per annum ? 

19. What principal, at 3 per cent, will gain $74.32 in 3yr 
6m. 18d.? 

20. What sum, at 6 per cent, will gain $59.76 in lyr. Sm 
27d.? 

310. To the preceding we may add 

pROB. 4. — Amount, Bate and Time given, to find the Prin 
cipal? 

£x. 21. What principal, at 5 per cent, will amour t to $110 
ID 2 years ? 

$1 in 2 years, at 5 per cent, amounts to $1.10 ; .' , tli6 priv 
eipal must be the quotient of $110 -7- 1.10 = $100. il»iice, 



COMPOUND 1NTEBE8T. 143 

Rttle. — Divide the given cmumnt hy the amount of %\f<ir ike 
given rate and time. 

22. What principal, at 6 per cent., will amount to $360,585 in 
16 months ? Ans. $333,875. 

23. What is the interest of that sum for 3 years, at 6 per 
cent, which will, at the given rate and time, amount to $472. 

Ans. $72. 

24. What sum, at 9 per cent, will amount to $3569.47 in lyr. 
8m. 12d. ? 

25. What is the interest of that sum for 27r. 6m., at 8 per 
cent., which will, at the given rate and time, amount to $480 ? 



§ 18. COMPOUND INTEREST. 
31 !• Simple Interest is interest on a given prindpai (191). 

ftiftm Compound Interest is interest on both principal 
and interest, the latter not being paid when it becomes due. 

313. The principal may be increased bj adding the interess 
to it annually, semi-annuallj, quarterly, etc, according to agree 
ment. 

31 4:. Compound interest, though jtLst, is not legaL 

However, if the creditor makes a legal demand for the interest 
when it becomes due, he may collect interest on the interest ; 
and this is, virtually, collecting compound interest. 

In like manner, a demand made for the payment of a store-biD 
or any other account, will enable the creditor to collect interea' 
on the account from the time of the demand. 

31<(« To calculate Compound Interest, 

Rule. — Make the amount for the first year or speciJUd 
tinUj the pbingipal /or the second ; the amount for the second, 
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10. Sold Peter Pay well the following goods ; viz. : — 
Jan. 1, 1856, on 90 days' credit, a bill of $100. 
Jan. 31, ** « 75 " " *• 75. 

Feb. 12, " « 60 « « « 200. 

Feb. 29, « « 60 « " « 66. 

Apr. 30, " " 45 « « " 300. 

At what time shall he pay me the sum of all the bills ? 

333« The above rules in Equation of Payments are based 
on the supposition that the gain to the debtor by delaying the 
payment of the debts first due is balanced hj paying the other 
debts before they are due, a supposition not strictly true, as may 
be seen by the following : — 

If I owe B $2000, $1000 of which is payable to-day and the 
other $1000 in 2 years, the equated time by the rule would evi- 
dently be 1 year. But if I retain the first $1000 for a year, I 
ought then to pay the amount of $1000 on interest for a year, 
viz., $1060, and if I pay the other $1000 at the same time, i.e. 

1 year before it is due, I ought 'to pay its present worth (227), 
which is $943.39^ J; .*. if I settle at the end of 1 year, justice 
would require me to pay $1060 -|- $943.39 JJ = |2003.39|f, 
which is $3.39^f more than the rule demands. 

The $2000 should be paid at such a time that I may, in the 

2 years, gain just as much by keeping the 1st $1000 after it is 
due, as B gains by receiving the 2d $1000 before it is due ; 
or, in other words, the interest on the 1st $1000 for the time I 
keep it after it is due, must equal the discount on the 2d $1000 
for the time it is paid before it is due. 

By an Algebraic solution, too complicated to be presented 
here, this time is found to be a little more than .97 of a year. 
The accuracy of this result may be verified in several ways ; 
thus. 

Interest on $2000 for .97 of a yfea^ = $116.40 
Interest on $116.40 for 1.03 years = 7.19+ 

$123.59-f-, mygaiiv 
Interest on $2000 for J. 03 year^ =^ $]Si3.6^), B's gain. 
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Or thus, Interest on $1000 for .97 of a year = $58.20. 

Discount on $1000 for 1.03 years == $58.20-|-. 

NoT'i. — The results are not exactly equal, because the equated time ii 
not e:.:actly .97 of a year. 
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Compound Equation op Payments consists iii 
equating the debit and also the credit side of an account, and 
then equating those average times. 

Questions of this nature are of daily occurrence in the count- 
ing-ro«)m, and may be illustrated by the following examples : — 

1. A has bought of B several bills of goods on different, terms 
cf credit, as follows : — 

April 15, 1857, on 8 months' credit, a bill of $200. 
May 1, " " 4 " « " 600. 

B has also bought of A as follows : — 

May 15, 1857, on 3 months' credit, a bill of $300. 
June 14, « " 4 ** « " 900. 

When shall B pay to A the balance of his debt ? 

By the rule, Art. 230, A's debt of $800 is due Aug. 20, and 
r/s debt of $1200, Sept. 29, 40 days after A's debt is due, and 
fche question now is, when shall B pay the balance of $400? 

Should A and B pay their respective debts when due, all 
vould be right ; but, as it is proposed to settle by B's paying 
iie bal.*ince of $400, he may evidently retain the $400 long 
jiiough after Sept. 29 to cancel the favor he has given A ir 
Allowing him to keep $800 for 40 days after it is due ; now 
<800 for 40 days equals $400 for 80 days (800 X 40 = 32000 
and 32000 -^ 400 = 80), and 80 days from Sept 29 extend' to 
Dec 18, the equated time, Ans. 
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!8 C bbtrght of D as follows : — 

Jan. 1, 1857, 100 yds. cloth, on 2m. $300. 
Jan. 15, « 20 coats, « 3m. 200. 

Feb. 15, « 50 shawls, « 60 dajs, 500. 

D also bought of C : — 

Jan. 20, 1857, 10 tons hay, on 3m. $200 
Feb. 25, « lOObush. com, " 2m. 100. 
Mar. 1, « 200bbl. apples, " 2m. 400. 

When shall C pay D the balance of $300 ? 

The equated time for the pa3rment of C's bills is found to be 
April 2, and that for D's, Apnl 27, 25 days later. Since the 
larger sum is due first, it is evident the balance, $300, must be 
paid long enough hefore April 2 to have its interest cancel the 
interest on the $700 which remain unpaid for 25 days from 
April 2 to April 27, viz., 58 days (700 X 25 = 17500 and 
17500 -i- 800 = 58 J), and 58 days before April 2 will carry na 
back to Feb. 3, the equated time, Ans. 

334. From these illustrations. 
To equate accounts. 

Rule. — 1. EqucUe the debit and also the credit side of the ae- 
count, and find the number of days between the equated times. 

2. Multiply the smaller side of the account by this number of 
days, and divide the prodv4:t by the difference between the sides ; 
the quotient will be the number of days to be reckoned from the 
equated time of the larger side — to be reckoned forward if the 
larger side is due at the later, and backward if due cU the 
earlier date. 

39UI« Proof. — T%e interest on the two sides of the account 
from the equated time of settlement to the equated time of ths 
sides, severally, wiU be alike. 

Proof of Ex. 1 :— 

Interest on $800 from Aug. 20 to Dec 18, 120 days = $1C 
Interest on $1200 from Sept. 29 to Dec 18, 80 days = $ir. 
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Proof of Ex. 2 :— 

Interest on $1000 from Feb. 3 to April 2, 58 days = $9,667 
Interest on 700 from Feb. 8 to April 27, 83 days = |{9.683. 

The difference between the results in £x. 2 arises from dis- 
regarding the ^ of a day in the equated time. 

NoTB. — Wtien the larger sum is due at the earlier date, the rale majr 
require the settlement to be made before some of the transactions have oo- 
carred, as in Ex. 2, a result which is obviously impracticable ; but the diffl- 
snltj will be removed by adding the interest on the balance due from the 
equated to the actual time of settlement. So also may a balance be paid ho- 
fore it is due, by paying the present worth of it at the time of actual settle 
OMint 

8. E bought of F .as follows : — 

Jan. 7, 1856, on Im. credit, a bill of $800 
Feb. 7, " « 2m. « « 566.66§ 

« " " " 3m. « « 433.38§ 

F also bought of E as follows : — 

Jan. 18, 1856, on 2m. credit, a bill of $200 
Feb. 26, " « 4m. « " 1200 

Mar. 1, « " 8m. " « 300 

" 26, " " 3m. « " 800 

When shall F pay E the balance? Ans. Jan. 27, 1857. 
4. G owes H $800, payable June 4, 1857, and H owes G 
$600, payable Sept. 6, 1857 ; when is the equated time of set 
dement, and what should G pay, Sept. 6, 1857 ? 

Ans. Aug. 26, 1856 ; $212,338. 



§24. EXAMPLES IN ANALYSIS. 

S30. TVe analyze an example when we proceed with it, sMj* 
by st^, according to its own conditions, without the guidance c< 
hay particular rule. 

14 
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Ex. 1. If 6 barrels of flour cost $42, what will 1 1 barrela 
oost? 

Solution. — If 6bbl. cost $42, then Ibbl. will cost i of »42, 
w^hich is $7 ; and if Ibbl. cost $7, then 1 Ibbl. will cost 1 1 times 
$7, which is $77, the answer. 

2. If I of a cask of wine cost $35, what will 7 casks cost ? 

3. 20 is I of what number ? 

4. 51 is ^3 of what number? 

5. 95 is il of what number ? 

6. If i I of a ton of hay cost 95 shillings, what will a Um 
cost? 

7. If f J of a cask of oil is worth $74, what is the v^ue ot 
5 casks? 

8. 64 is I of -how many times 12 ? 

9. 72 is I of how many times 4 ? 

10. A man sold a watch for $63, which was f of its cost, 
what was its cost ? 

11. A pole is f in the mud, ^ in the water and 6 feet aboye 
water ; what is the length of the pole ? 

12. A ship's crew have provisions sufficient to last 12 men 7 
months ; how long would they last 24 men ? 

13. A can build 35 rods of wall in 33 days, but B can build 
9 rods while A builds 7 ; how many rods can B build in 44 
days ? Ans. 60. 

14. ^f of 28 is ^ of how many fifths of 55 ? 

15. /j- of 44 is I of how many thirds of 15 ? 

16. I of 27 is V of how many twelfths of 60? 

17. A fox has 39 rods the start of a hound, but the hound 
runs 27 rods while the fox runs 24 ; how many rods must the 
hound run to overtake the fox ? Ans. 351. 

18. A man being asked how many sheep he had, replied, lliat 
if he had as many more, } as many more and 2^ sheep, he shuiiK) 
have 100 ; how many had he ? 

19. A man being ai>ked how many sheep he had, replied, tlial 
if he had twice as many more, ^ as many more and 3 J sheep, h« 
ihould liave 70 , how many had he ? 
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20. A detachment of 2000 soldiers were supplied with })read 
sufficient for 12 weeks, allowing each man 14 ounces a day, but 
finding 105 barrels containing 2001bs. each, wholly spoiled, ho^- 
many ounces may each man eat daily, that the remainder mAj 
last them 1 2 weeks ? 

21. A detachment of 2000 ^Idlers, having | of their bread 
spoiled, were put upon an allowance of 12oz. each per day fot 
1 2 weeks ; what was the whole weight of their bread, good and 
bad, and how much was spoiled ? 

22. A detachment of 2000 soldiers having lost 105 barrels of 
bread, weighing 2001bs. each, were allowed but 12oz. each per 
day for 12 weeks ; but if no^e had been lost, they might have 
had 14oz. daily ; what was the weight, including that which was 
lost, and how much was left to subsist on ? 

23. A detachment of 2000 soldiers, having lost | of their 
bread, had each 12oz. per day for 12 weeks; what was the 
weight of their bread, including the part lost, and how much per 
day might each man have had, had none been lost ? 

24. A gentleman left his son an estate, ^ of which he spent 
in 7 months, and J of the remainder in 8 months more, when he 
had only $5000 remaining ; what was the value of the estate ? 

25. The «quick-step in marching being 2 paces of 28 inches 
each per second, what is the rate per hour ? and in what time 
will a detachment of soldiers reach a place 60 miles distant, 
allowing a halt of 1^ hours ? 

26. Two men and a boy were engaged to reap a field of rye ; 
^jne of the men could reap it in 10 days, the other in 12, and 
the boy in 15 days. In how many days can the three together 
reap it ? 

27. The commander of a besieged fortress has 21bs. bread pei 
day for each soldier for 57 days, but, in anticipation of succor, 
he wishes to prolong the siege to 75 days ; in that case, what 
must be the allowance of bread per day ? 

28. A merchant bought a number of balea of velvet, eacL 
oontaining 129i^yd«., at the rate of $7 for 5yds., and sold Iheni 
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oat at the rate of $1 1 for Tyds., and gained $200 hy the bai 
gain ; how many bales were there ? Ans. 9. 

29. A merchant bought a number of bales of hops, each bale 
containing 24tQ^^lh., at the rate of $3 for 111b., and sold them 
at the rate of $5 for 121b., and gained $248 ; how many bales 
iid he buy ? Ans. 7. 

30. Suppose I pay 3f J cents per bushel for carting my wheat 
to mill, the miller takes ^ for grinding, it takes 4^ bushels of 
wheat to make a barrel of flour, I pay 25 cents each for barrels 
and $1^ per barrel for carrying the flour to market, where my 
agent sells 60 barrels for $367^, out of which he takes 25 cents 
per barrel for his services ; what do I receive per bushel for my 
mliiAt ? Ans. 87^ cents. 



§ 25. RATIO. 



337« Ratio ts the relation of one qtLantity to another of thi 
tame kind ; or, it is the quotient which arises from dividing one 
quantity by another of the same kind. 

338. Ratio is usually indicated by two dots ; thus, 8 : 4 
expresses the ratio of 8 to 4. 

The two quantities compared are the terms of the ratio ; the 
first term being the antecedent, the second the consequenty aud 
the two terms, collectively, a couplet. 

339* Most mathematicians consider the antecedent a eUvidend^ 
and the consentient a divisor; 

thus, 8:4=8-^4 = 1=2, 

and 3 : 12 = 3 -f. 12 = A = i 

but others take the antecedent for the divisor^ and the conseguent 
fur tilt dlmdend, 

thus, 8:4 = 4 -5-8=t=i» 
and 3: 12 = 12-5-8 = ^ = 4. 
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Either systeiii, rigidly adhered to, is correct; bat the fira^ 
being considered the more simple and natural, is adopted in 
this work. 

340* An inverse or reciprocal ratio of any two quantities 
IS the ratio of their reciprocah (106) ; thus, the direct ratio of 
6to3is6:d = 6-i-d, and the reciprocal ratio of 6 to 3 is 
l:J = J-4-J = JXf = i = 3-5-6 = 3:6;.-.aiiy dirwA 
ratio by the^rs^ method is a reciprocal ratio by the tecondf and 
vice versa. 

341* If the antecedent equals the consequent, the ratio is m 
tfittV, and is called a ratio of equality; thus, 5 : 5 = 1, is a ratio 
of equality. 

343« K the antecedent is greater than the consequent, the 
ratio is more than a unit, and is called a ratio of greater ine- 
quality ; thus, 12 : 4 = 3, is a ratio of greater inequality. 

343. If the antecedent is less than the consequent, the ratio 
is less than a unit, and is called a ratio of less inequality ; thus, 
2 : 10 = ^, is a ratio of less inequality. 

34:4:« The antecedent and consequent being a dividend and 
divisor, it follows that any operations on them will affect the 
value of the ratio just as like operations on the dividend and 
divisor will affect the quotient ; or as^ like operations on the 
nnmeratw and denominator of a fraction will affect the value 
of the fraction ; •*., 

(a) K the antecedent be multiplied by any numbei, the ratio 
is multiplied by the same (59, a) ; thus, 

12 : 3 = 4, but 2 X 12 : 3 = 2 X 4 ; and 
2 : 6 = J, but 2 X 2 : 6 = 2 X J. 

(b) If the antecedent be divided, the ratio is divided (59, b) r 
Oias, 

48 : 6 = 8, but 48 -i- 2 : 6 = 3 -i- 2 ; and 
4 : 16 = J, but 4 -i- 2 : 16 = J -f 2. 

14* 
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(c) If the consequent be multiplied, the ratio is divided (59, c) 
fihus, 

80 : 5 = 6, but 30 : 5 X 3 = 6 4- 3 ; and 
8 : 12 = i, but 8 : 12 X 5 = J -^ 5. 

(d) If the consequent be divided, the ratio is multiplied (59, d) } 
tlins, 

18 : 6 = 8, but 18 : 6 -f- 2 == 2 X 3 ; and 
2 : 10 = i, but 2 : 10 -s. 2 = 2 X i- 

(e) If the terms of the ratio are both multiplied or boll, 
divided by the same number, the ratio is not changed (60, Cor. 
and 61, Cor.) ; thus, 

12 : 8 = 4, and 5 X 12 : 5 X 3 = 4 ; also, 
20 : 4 = 5, and 20 -J. 2 : 4 -^ 2 = 5. 

349« The ratio of two fractions that have a conunon denom- 
^tor is the same as the ratio of their numerators ; thus, ^ : ^ 
-= 6 : 8, since multiplying both terms by 20 does not alter the 
ratio. 

34:6« The direct ratio of two fractions that have a common 
numerator is the inverse ratio of their denominators ; thus, f : fy 
■=J:^ = |f:Tftr=12:6; for, first, we divide the terms by 
5 (244, e), then reduce them to a common denominator, and, 
finally multiply them by 72 (244, e). 

347* The antecedent, consequent and ratio are so related 
to each other, that, if either two of them be given, the other maj 
be found ; thus, in 12 : 8 = 4, we have 

antecedent -^ consequent = ratio, 
antecedent -7- ratio = consequent, and 
consequent X^ ratio = antecedent. 

348« When there is but one antecedent and one consequent, 
ihe ratio is said to be simple ; thus, 15 : 5 = 3, is a simple ratia 

34:0« When the corresponding terms of two or more simple 
ratios are multiplied together, the resulting ratio is said to b« 
tompound ; 
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(6 :2= 3 \ 
18 :2= 4 ( 



6 : 3 = 2 

8:2 = 4 
10 : 2 = 5 



thus, 48 : 4 = 12 and 480 : 12 = 40, are compound ratios. 

A compound ratio is always equal to the product of the simple 
ratios of which it is compounded. 

IsoTE. — A compoand ratio is not diffsrent in its nature from ft simpU 
ffttio, bat it is called compound merely to denote its origin. 

(a) If each of the terms of a ratio be squared (94, b, Note 1), 
the compound ratio so formed is called a duplicate ratio, and is 
equal to the square of the simple ratio; thus, 6^: 2^ = 3^ i. e. 
36: 4 = 9, is the duplicate of 6: 2 = 3. 

(b) If each term be cubed (94, b. Note 1), the result is called a 
triplicate rtxHo, and is equal to the cube of the simple ratio; 
thus, 4»: 23 = 2«, L e. 64: 8 = 8, is the triplicate ratio of 
4:2 = 2. 

(c) A similar result will be obtained by raising the terms of 
a ratio to any like powerSj-and also by taking any like roots (94^ 
b> Note 1). 

(d) If the sqtuxre root of each term be taken, the resulting 
ratio is called the stdhdupliccUe ratio ; if the cube root, the sub* 
triplicate ratio ; etc. 

(e) A double or duple ratio is twice a given ratio, and u 
obtained by multiplying the antecedent or by dividing the conse 
quent by 2 (244, a and d) ; a triple ratio is three times a ratio^ 
and is obtained by multiplying the antecedent or dividing the 
consequent by 3 ; etc Let not the pupil confound duple, triple^ 
qwidruple, etc, with duplicate, triplicate, quadruplicate, etc 

(f) The half, third, fourth, etc of a ratio are called the su^ 
duple, sub-triple, sulhquadruple ratio, etc 

What operations upon the terms of a ratio will produce flM 
iitb-^ple, suh4riple, sub-^ftiadruple ratio, etc ? 
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§ 26. PROPORTION. 

3SO« Proporhon is an equality of ratios. 

3«n. At least 2 ratios and .*. 4 terms are requii*ed to fonm a 
proportion. 

3tS3« The proportionality of the four numbers, 8, 4^ 6 and 3, 
may be indicated thus, 

8 : 4 : : 6 : 3, 

which is read, 8isto4as6isto3; or, as8isto4sois6to3. 

Any 4 numbers are proportional, and may be written and read 
in like manner, if the quotient of the Ist divided by the 2d is 
equal to the quotient of the 3d divided by the 4th. 

333« The 1st and 4th terms are called extremes, and the Sd 
and Sd, means. The 1st and 3d are the antecedents of the two 
ratios and the 2d and 4th are the consequents. 

334:« In a proportion the product of the extremes is equal 
to the product of the means ; thus, in 8 : 4 : : 6 : 8, we have 
8x3 = 4X6; for, from the definition of proportion, we have 
f 2= f , and, if each member of this equation (7, Note) be multi- 
plied by the product of the denominators, we have 8x3 = 4 
X 6. 

This is one of the easiest tests of proportionality. 

itSS* Any changes in the order or magnitude of the terms 
of a proportion which do not affect the equality of the ratios 
wiU not destroy the proportionality. These changes are veiy 
numerous ; some of them will be noticed in the Supplement. 

336« Since the product of the extremes is equal to the pn^ 
duct of the means, any one term may be found when the other 
three are given ; for the product of the extremes divided by 
either mean will give the other mean, and the product of the 
means divided by either exti-eme will give the other extreme. 
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9«S7« When ikiee numbers are in proportion, as, e* g., 
4 : 6 : : 6 : 9, the 2d is called a mean proportional between the 
1st and dd, and the dd, a third proportional to the 1st and 2d. 

(a) A mean proportional between two numbers may be found 
by multiplying the two giyen numbers together and then resolv- 
ing the product into two equal f acton ; thus, the mean propor- 
tional to 2 and 8 is 4, for 2 X B = 16 = 4 X ^ ; '% 2 : 4 : ; 
4:8. 

(b) A third proportional to two numbers may be foimd by 
dividing the square o/ihe 2d by the Ist. The third proportional 
to 5 and 10 is 20; for ^^ -^ 5 = 20; ••• 5 : 10 :: 10 : 20. 

338« In all examples in Simple Proportion there are three 
numbers given to find a fourth; •*. Proportion is often called the 
Buie of Three. 

Two of the three given nurnbers must he of the same hindy and 
ike other is of the same kind as the answer, 

Ex. 1. If 3*men build 6 rods of wall in a day, how many rods 
will 5 men build ? 

This example may be analyzed as follows : — ^If 3 men build 6 
rods, 1 man will build ^ of 6 rods, L e. 2 rods ; and if one man 
build 2 rods, 5 men will build 5 times 2 rods, i. e. 10 rods, Ans. ; 
but, to solve it by proportion, we say that the given number of 
rods has the same ratio to the required number of rods that 8 
men have to 5 men : thus, 

8 men : 5 men : : 6 rods : required number of rods. 

Now, since the means and 1st extreme are given, we find the 2d 
extreme by dividing the product of the means by the given ex 
treme (256) ; thus, 

6 X 5 = 80 and 30 -2- 3 = 10 Ans. as before. 

Kvery example in Simple Proportion is solved in like mjinner. 
Hence. 

Rule. — Write that givers number which is if the same hind ah 
tk^ required answer, for the third term ; consider* whether 1^ 
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nature of the question requires the answe^^ to be greater or Isn 
than the third term ; if greater, write the greater of the two r»- 
maining numbers for the second term, and the hss for the first ; 
but, if less, write the less for the second and th^. g'*-eater for thp 
first ; in eitJier case, divide the product of the second and thira 
terms hy the first, and the quotient will he the term sought. 

Note. — If the first and second terms are in different denon 'nations, thrj 
ihoold be reduced to the same before stating the question. 

Remark. — Every one who intelligently solves an ex^mplti hw 
[iroportion, does, in effect, solve it by analysis, but the Teaoher 
should use much care on this point, since the scholar learns much 
faster when he analyzes a question than when he merely follows 
a rule. 

Let the following examples be solved by analysis and by pio 
portion. 

Ex. 2. If a man earn $24 in 2 months how much will he 
earn in 9 months ? 

2 : 9 : : 2 4 : 4th term. Since we are seeking for dol- 

9 lars, we make $24 the dd term, 

Q X o I ^ and then, as a man will earn 

1 more in 9 months than he wiU 

$ 1 8, Ans. in 2 months, we make 9 the 2d 

term and 2 the 1st To analyzi 
the above we say, — If a man earn $24 in 2 months, then in I 
month he will earn ^ of $24, i. e. $12 ; and if he earn $12 in } 
month, then in 9 months he will earn 9 times $12, Le.$l08 
Ans. 

3. K a staff 3 feet long casts a shadow 4 feet, what is tht 
hight of a steeple which, at the same time, casts a shadow 
240 feet? Ans. 180 feet. 

4. K a staff 3 feet long casts a shadow 4 feet, how long is the 
-liadow of a steeple which is 180 feet high, at the same time ? 

5. If a steeple 1 80 feet high casts a shadow 240 feet- what \% 
the hight of a p aff which, at the same time, casts a shadow 4 
foot? 
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6. If H jteeple 180 feet high casts a shadow 240 feet, what 
is the lei^gth of the shadow cast by a staff 3 feet high, at the 
same time? 

7. If a locomotive nm 89000 miles in 18 weeks, how &r, at 
that rate, would it run in 52 weeks ? 



BT PROPOBTIOir. 



BT OAirCBLrVQ. 



18 : 52 : : 89000 : 4th term. 
52 

78000 
195000 



39000 xffi 



= 156000, 



= 156000, Aw 



18) 2028000 (1 56000, Ans. or, 

13 3000 

-^ $»000 X 52 

65_ ii 

78 
78 

000 

8. If 83 men perform a piece of work in 67 days, in horn 
many days will 11 men perform the same ? Ans. 201. 

9. If a man's salary amounts to $2700 in 3 years, what will 
it amount to in 1 1 years ? 

10. If a man's salary amounts to $9900 in 1 1 years, in how 
many years will it amount to $2700 ? 

11. K I pay 2s. 8d. per week for pasturing 2 rows, wlutt 
ihaU I pay for pasturing 11 cows ? 



2: 11 ::28. 8d. : 



::28. 8d. :1 

11 I 

\ ooa AA r or, < 



2) 298. 4d . 
Ans. 14s. 8d. 



2: 11 ::32d. : 
11 

2) 352d . 

Ans. 176d.~14<i %d 



12. If I pay 2s. 8d. for pasturing 2 cows, how many iows iat 
b«i pastared the same time for 14s. 8d. ? 
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BT PBOPOBTION. BT CAN0SLI1I3. 

32d. : 176d. ::2 11 

= 11, Ana. 



82) 352 (11, Ans. jjjj 

32^ i$ 

32 

18. If 18a. 2r. 6rd. of land is worth 180£. 9s. 6d., what is 
the value of 94a. 3r. 2rd. ? 

STATEMENTS BT PROPORTION. 

13a. 2r. 6rd. : 94a. 3r. 2rd. : : 130£. 9s. 6d. : 4th term 5 
or, 13.5375a. : 94.7625a. : : 130.475£. : 4th term ; 
or, 2166rd. : 15162rd. : : 31314d. : 4th term. 

STATEMENT BT CANCELING. 

7 
180.475 X HMif^ 



iim$ 



= 918.825£ = 913£. Gs. 6d., 



STATEMENT BT CANCELING. 
7 

81814 X XjiX$i 

' IZZ = 219198d. = 913£. 6s. 6d., Ans. 

14. If 94a. 3r. 2rd. of land cost 91d£. 6s. 6d., how mudi 
land may be bought for 180£. 9s. 6d. ? 

15. If 13a. 2r. 6rd of land cost 130£. 9s. Get., how much 
may be bought for 913£. 6s. 6d. ? 

16. If 94a. 3r. 2rd. of hmd cost 913£. 6s. 6d., what will Ida. 
.2r. 6rd. cost ? 

17. If 12 J yds. of silk that is f yd. wide will make a dress, 
low many yds. of muslin that is 1 J yd. "vide will be required to 
line it ? Ans. 6t\. 

18. If ^^ of a ship cost $1163, what is -f^ of her worth ? 

19. If 6 men perform a piece of work in 40 daye, how loQ|2 
ivill it take 10 men to do the same ? 
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20. If f of a barrel jf flour cost $3.60, what will 14 barrcia 
cost? 

21. If I of an acre of land is worth $36.40, what is the value 
of 15 ^ acres at the same price ? 

22. If 6 men can mow 12a. 3r. 16rd. of grass in 2 days, bj 
working 6 hours per day, how many days will it take them if 
ihey work only 4 hours per day ? 

23. If 2bbl. of flour are worth as much as 3 cords of wood, 
bow loany barrels of flour will pay for 45 cords of wood ? 

24. If 4 men can perform a piece of work in 16 days, how 
many men must be added to the number to perform the same in 
4 days? 

25. A ship's crew of 15 men is provisioned for 30 days ; how 
many men must be discharged that the provision may last 15 
days longer ? 

26. A bankrupt, owing $25000, has property worth $15000 ; 
how much will be received on a debt of $500 ? 

27. A man, owning f of a ship, sells } of his share for 
$20000 ; what is the value of the ship ? 

28. Borrowed $300 for 9 months ; for how long must $450 
be lent to repay the favor ? 

29. If,- when flour is worth $12 per barrel, a penny loaf 
weighs 4oz., what ought it to weigh when flour is worth $8 per 
barrel ? 

80. A and B hired a pasture for $45.90, in which A pastured 
11 oxen and B 19 ; what shall each pay ? 

31. If 13 men perform a piece of work in 45 days, how many 
men must be added to perform the same in ^ of the time ? 

82. How many yards of cloth £ of a yard wide are equal to 
63 yards 1 J yards wide ? 

33. If 10 horses' eat 35 bushels of oats in 2 weeks, how many 
bushels will 14 horses eat in the same time ? 

34. If the interest on $700 is $42 in one year, what will be 
the interest on the same sum for 3^ years ? 

85. How many yards of paper 2 feet in width will paper a 
room that is 13^ feet long, 12 feet wide and 9 feet high ? 

15 



170 PROPORTION. 

36. If I pay $168 for 63 gallons of wine, how much wafer 
shall I add that I may sell it at $2 per gallon without loss P 

37. A certain house was biiilt by 30 workmen in 97 days^ 
but, being burned, it is required to r:ebuild it in 30 days ; how 
many men must be employed ? ' ; ., . /' V -'* ^ ' ^' 

38. A garrison of loOO men has provisions for 12 months ; 
how long will the same provisions last if the garrison is re- 
inforced by 300 men ? ^i^t-u^ / /V / • • 

39. If a piece of land 20 rods long and 8 rods wide oontiun 
fin acre, how long must it be to contain the same when it is but 
Sr rods wide? ^l-^^ . ^' C/ "t c>L^ /-^^•"/'• 

40. If the earth revolves 366 times in 365 days, in what time 
does it revolve once ? Ans. 23h. 56s^m. 

41. A wall which was to be. built 24 feet high was raised 8 
feet by 6 men in 12 days ; how many men must be employed to 
complete the wall in 12 days more ? J^- '/ ^' . ' <: . r -^ 

42. A wall was completed by 12 men in 12 days ; how manj 
Taen would complete the same in 4 days ? ffiAA^ ^ . ^ (> //^/y' c. 

43. Paid $3.50 for 71b. of tea ; what should I pay for 191b. ? > / J 

44. If a man perform a journey in 6 days when the days are 
12 hours long, in how many days of 8 hours each will he per- 
form tfie same ? ^4 '^ , /' , . - - , 

45. Lent a friend $500 for 3 months ; afterwards he lent me 
$300. How long may I retain it to balance the favor ? 

46. l£ 9 yards of muslin that is 1^ yards wide will make a 
dress, how many yards of lining will be required, that is but } 
of a yard wide ? 

47. A cistern has a pipe that will fill it in 6 hours ; how many > 
pipes of the same size will fill it in 45 minutes ? P'-'H^l'^' ; 

48. A cistern has 3 pipes ; the first wiQ fill it in 3 hours,4he ^ 
second in 4 hours and the third in 5 hours. In what time wiO 
they together fill the cistern ? Ans. \\^ hours. 

49. A can cut a field of grain in 8 days ; A and B can cut it 
tfi 6 days. In what time can B do the same ? 

50. If 2 horses can draw a load of 16 tons upon a railway 

how many horses will be required to draw 72 tons ? ^'f ) > 
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51. A faim was sold at $25.50 per acre, amounting to 
|] 925.25 ; how many acres did the farm contain ? 

Ans. 75a. 2r. 

52. Bought a horse for $75, and a pair of oxen for a price 
which was to the price of the horse in the duplicate ratio of 7 to ^ 
5 ; what was the price of the oxen ? o! v^ /^ ' - ■ 

53. A garrison of 800 men has provisions to last 60 dajs ; ' 
how long will the same provisions last if the garrison is re-y 
enforced by 100 men ? . / jC ^^-^oh^*^ 

54. A garrison of 1000 men have 14oz. of bread each per 
day tor 120 days; how long will the same bread last them if y 

eadi man is allowed but 12oz. per day? / W /^^/^ .^'^^ 

55. If VV o^ a ship cost $25000, what is \i o£ her worth ?^ - ' ; ' 

56. At $27 per cwt, what is the cost of 87ilb. ? / / ^) * / x, O / 

57. If .25 of a piece of la^d are worth $750, what are .876 

of it worth?' ^ J I ^ d' ^'"^^ 

58. A's property is to B's in the triplicate ratio of 8 to 4 } 

B's estate is worth $12800 ; what is ih% value of A's. ? ^ ' ' V - /V ' 

59. The earth moves 19 miles per second in her orbit ; huw 
fkr does she go in 8m. 27sec ? 



§27. COMPOUND PROPORTION. 

3S9* CoMPOTTND Proportion is an equality of two ratios 
one of which is com/pound and the other simple ; thus, 

16 • 9 f • '^^ • 9> is a compound proportion ; 
and 48 : 24 : : 18 : 9, is the same reduced to a simple form. 
Note. — The compound ratio may consist of any number of couplets. 

30O* Every compound proportion may be reduced to a 
smaple form, and, moreover, every example in compound propor* 
tion may be solved by means of two or more simple proportioned 



« 
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Ex. 1. If 6 men in 8 hours thi^sh 80 bushels of wheat) in how 
many hours will 2 men thresh 5 bushels ? 

BT SIMPLE PBOPOBTION. 

2:6:: 8 : 24, and 
80 : 5 : : 24 : 4, Ans. 

• 

In solving this question hj simple proportion, we, in the first 
place, disregard the amount of labor, and inquire how long it 
will take 2 men to do as much as 6 men in 8 hours. Having 
found 24 hours to be the answer to this question, we next disre- 
gard the number of men, and inquire how long it will take to 
thresh 5 bushels of wheat if 80 bushels are threshed in 24 houra, 
an4 dius obtain 4 hours, the true answer to the question. 

BT COMPOUND PBOPOBTION. 

Tc shorten the work, we maj consider both conditions at 
once. It will be seen that, of the first two couplets, •] qa ! 5 f > 

one is a ratio of less and the other of greater inequality (248 and 
242) ; but there is no impropriety in this, for one condition of 
the question requires the answer to be greater than the 8d term, 
and the other condition requires it to be less. 

361* There is no new principle in Compound Propritkvi 
FTence, 

To solve questions in Compound Proportion, 

Rule. — Write that given number which is of tXe sams hmd * 
OS the required answer for the 3d term ; take any two of the remain^ 
ing terms that are alike, and, considering the question ai 
'>EPENDiNO ON THESE ALONE, arrange them as in simple pro* 
portion ; arrange each pair of like terms hy the same prin- 
ciples ; and then multiply the continued product of the 2d terms 
by the 3d term, and divide this result by the continued product of 
the ^st terms ; the quotient will be the term sought. 
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Note. '-The work may frequently be mnch abridged by caii(»liug any 
factor in tlie 2d and 3d terms, with a like factor in the Ist terms (127, K 
Note 2). 

Ex. 2. If 6 men in 15 days earn $135, how many dollars will 
9 men earn in 18 days ? 

6 men : 9 men 1 . . ^,g. . ^ ^ 
15 days : 18 daysj ' * ^^^^ * ^^^^ 

9 X 18 X 135 = 21870 = continued product of2d and 3d tCTi 
6 X 15 = 90 = continued product of 1st terms. 
21870 ^ 90 = 243, Ans. 



i\: 9) 
9 X 27 = 243, Ans. 



27 
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27 



3. If 3 men, in 16 days of 12 hours each, build a wall 30ft 
long, 8fl. high and 3fl. thick, in how many days of 9 hours each 
can 9 men build a wall 45ft long, 9fl. high aad 6fl. thick ? 

Ans. 24 



9 men : 3 men 
9 hours : 12 hours 
30ft. long : 45ft. long 
8ft. high : 9ft. high 
3ft. thick: 6ft. thick 



•• : : 16 days : — ? days. 



4. A wall, which was to be built 32 feet high, was raised ^ 
feet by 6 men in 12 days ; how many men must be employed to 
finish the wall in 6 days ? Ans. 36. 

5. If 3 men, in 16 days of 12 hours each, build a wall 30ft 
long, 8ft. high and 3ft. thick, how many men will be required tc 
build a wall 45ft. long, 9ft. high and ^ft. thick, in 24 days of S 
hours each ? 

6. If a family of 6 persons spend $000 in 8 months, how 
many dollars will be required for a family of 10 persons in 14 
months? Ans. $1750. 

15* 



/ 
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7. If tLe transportation of 9hhds. of sugar, each weighing 121 
ewt., 20 leagues, cost $50, what must be paid for the transporta- 
tion of 50 tierces, each weighing 2^wt., 800 miles ? 

8. If $100 gain $8 in 1 year, what will $300 gain in 9 
months ? 

9. If $^00 gain $18 in 9 months, what will $100 gain in 1 
year? 

10. F $100 gain $8 in 1 year, in what time wiU $300 gain 
$18? 

11. If $100 gain $8 in 1 year, what principal will gain $18 
In 9 months ? 

12. If $300 gain $18 in 9 months, what is the rate per cent. ? 

13. If a 2 penny loaf weighs 8oz. when wheat is 6s. 9d. per 
bushel, how much bread may be bought for ds. 4d. when wheat 
is worth 13s. 6d. per bushel ? Ans. 51bs. 

14. If a bar of silver 2ft. 1 inch long, Gin. wide and 3in. thick, 
be worth $2725, what is the value of a bar of gold Ifl. 9|-f in. 
long, 8in. wide and 4in. thick, the specific gravity of silver to 
that of gold being as 10.47 to 19.26, and the value per oz. of silver 
being to that of gold as 2 to 33 ? Ans. $128293. 

15. If 496 men, in 5 days of 12h. 6m. each, dig a trench of 9 
degrees of hardness 465 feet long, 8§ feet wide and 4§ feet deep, 
how many men will be required to dig a trench of 2 degrees of 
hardness 168} feet long, 7 J feet wide and 2f deep, in 22 days of 
9 hours each? ^ Ans. 15. 



§28, CONJOINED PROPORTION. 

S63. Conjoined Proportion (frequently called the 
"Hhain Rule and also Arbitration of Exchange) is a species of 
Compound Proportion, in which the antecedent and consequent 
rif each couplet are in different denominations, but equivalent in 
falue, and each antecedent is in the same denomination as Ihf 
consequent in the following couplet. 
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S03. The rule is principally employed in the operations of 
exchange in the currencies of different countries; lut, to unfold 
its principles, we will apply it to one or two simple examples ia 
reduction. 

Ex. 1. If 4qr. = 1 d., 12d. = Is. and 203. = 1£, how many 
fiulhings are equal to 3£ ? 



3£ = how many qr. ? 
If 20s. = 1£, 
12d. = Is. 
and4qr. = Id. 



Here, evidently, the con- 
tinued product of the num- 
bers on the left of the 
signs of equality, will be 
the answer ; but, had the 
question read thus : — If 



Ana. 2880qr. = 3£. 

Iqr. = Id., 24d. = 23. and 20s. = 1£, how many farthings are 
^ual to 3£ ?, we would have arranged the numbers as in the 

margin, and then, evident- 



3£ = how many qr. ? 
If 20s. = 1£, 
24d. = 2s. 
and 4qr. = Id. 

5760qr. = 2 X 3£, 
and 5760qr. -^2 = 2880qr.=3£. 



ly, the continued pi*oduct 
of the numbers on the left 
of the signs of equality 
divided by 2, (i. e. by the 
continued product of the 
numbers on the right of 
the signs of equality,) will 
be the number of farthings 
in 3£, as before. 

(a) This principle is equally applicable to examples in reduo- 
don ascending. 

Ex.2. If l£ = 20s., ls = 12d and Id. =:4qr., how many 
pounds are equal to 14400qr. ? 

14400qr. = how many £ ? Here, as in the pre- 

If Id. = 4qr., ceding example, the 

Is. = 12d. continued product of 

and l£ = 20s. the left hand .members 

14400 H- 960"= 15£, Ans. °^ *« equations, divid- 

ed by the continued 

product of the right hand members, gives the correct result. 

Tliis, and all other examples, may also be modified in the 
same mjmner as example 1 ; thus, — If l£ == 20s., 3s. = 30d 
«jd 5d, =20qr., how many pounds are equal to 14400qr. ? 
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] 4400qr. = how many £ ? It is an axiom that, if 

If 5d. = 20qr,, equal quantities are mul- 

3s. = 36d. tiplied by equals, the 

and l£ = 208. products will be equal. 

216000 ^ 14400 = 15£, Ans. ^ow, in Conjoined Pro- 

portion, we have a se 
ries of equations, in which all the members are given, except tht 
2d member of the 1st equation ; .*. if the continued product of 
the 1st members be divided by the continued product of th# 
known 2d members, the quotient must necessarily be the unhioum 
2d member, which is the number soughU 

Ex. 3. If 5 gal. molasses are equal in value to 2 bush, corp, 
and 18 bush, com to 3 cords of wood, how many gallons of mo- 
lasses are equal in value to 7 cords of wood ? 

7cords = gal. ? ^^ ^^- 1» ^^ "^^7 ^ 

If ISbush. = 3cords ^^^^ the demanding 

and 5gal. = 2bush. ^^'^ / "^ E^- 2 and 8, 

7^ "d AC 1 a 14400qr. and 7cords are 

630 ^ 6 = 105gal., Ans. the demanding terms. 

All similar examples may be solved in like manner. Hence, 

To solve questions in Conjoined Proportion, 

Rule. — Write the demanding term, and at the right of it a 
blank in the place of the term sought, with the sign = between 
tliem ; write the term of the same name as the demanding term 
under the blank, and that which is equal to it in value at the left 
of it, with the sign = between them ; and thus proceed, writing 
the term of the same name as the one last placed, on the right and 
the term equal to this on the left, till all the terms are written ; 
then the continued product of the left-hand members, divided by 
the continued product of the right-hand members, will be the term 
nought. 

Note. — We may cancel here as elsewhere. 

Ex. 4. If 9£ sterling money equals 12£ N. E. currency, 6£ 
X. E. equals 8£ N. Y., 16£ N. Y. equals 15£ N. J. and 45£ 
N. J. equals 28£ Ga. currency, how many pounds sterling are 
equal in value to 56£ Ga. currency? Ans. 54 
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5. If 20 acres of land in Andover are worth as much as 30 
Acres in Boxford, 50 in Boxford as much as 45 in Methuen, 25 
in Methuen as 20 in Lawrence, and 33 in Lawrence as 40 in 
Bradford, how many in Andover are equal in value to 1800 in 
Bradford ? 

6. If 20 boys will perform as much labor as 15 men, and 12 
men as much as 18 women, how manj boys would be required 
to perform as much labor as 27 women ? 

7. If 483 American eagles are equal in value to 1000 English 
Borereigns, 150 English sovereigns to 161 French Louis d'ors, 
22 Louis d'ors to 45 Italian sequins, 95 sequins to 44 German 
Carolins, and 88 Carolins to 190 Swiss ducats, how many Amer- 
ican eagles are equal in value to 50 Swiss ducats ? Ans. 11. 

S04:* All these examples may be solved by a series of sim- 
ple proportions, and, of course, by compound proportion. Each 
example may also be analyzed in various different ways. For 
illustration, let us take Ex. 3 : — If 5gal. molasses are equal ic 
value to 2bush. com, and 18bush. com to 3cords of wood, hoT. 
many gallons of molasses are equal in value to 7coixU o^ wood ? 

BT SIMPLE PROPORTION. 

3cords : 7cords : : 18bush. : 42bush., and 



;Dusn. : 4Z 


Dusn. : : 


0\ 


^ : luogai. 


BT 


COMPOUND 


PROPORTION. 


3 
2 


:18| • 


:5 


: 105, Ans. 




BT ANALT8I8. 


Since 


3cords 


— 


18bush., 




Icord 




6bush. ; 


and since 


5gal. 


— 


2bush., 




15gal. 


^^ 


6bush. ; 




Icord 




logal.. 


and 


7cords 


•^— 


105ga]., Ans. 
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§29. PROFIT AND LOSS. 

36S« 'VPROFiT AND Loss," OS a commercial tenn, signifiet 
the gain or loss in business transactions. The rule may refer to 
atkQ ahsolute gain or loss, or to the percentage of gain or loss on 
ih^ purchase price of the property considered. 

360* Prob. 1. — ^To find the absolute gain or loss on a quan- 
tity of goods sold at retail, the purchase price of the whole quan- 
tity being given, 

Rule. — Ascertain the whole sum received for the goods^ and 
the difference between this and the purchase price will be the gatn 
or loss. ' ' 

Ex. 1. Bought I6bbl. of flour for $100 and sold it at $7 prr 
bbl.; did I gain or lose? how much total and per bbl. ? 

Ans. Gkdned $12 total ; 75c. per bbL 

2. Bought 75yds. broadcloth for $250 and sold it at $4 pnr 
yd. ; did I gain or lose ? how much total and per yd. ? Ans. 

3. Bought 13cwt. Iqr. 191b. of sugar for $107.52 and sold it at 
G^cts. per lb. ; did I gain or lose ? how much total and per lb. ? 

Ans. Lost $23.52 total ; 1 Jc. per lb. 

4. Bought 164 yards of broadcloth and \ as many yards of 
cassimere for $1107 ; sold the broadcloth at $3 per yd. and the 
cassimere at f as much per yd. Did I make or lose? how 
much? 

S07« Prob. 2. — ^To find the percentage of gain or loss. 

Rule 1. — Find the total gain or loss by Art. 266, and then 
say, as the purchase price is to the toted gain or loss, so is 100 
per cent to the gain or loss per cent. 

Note. — The par value of an article is its first cost. 

Ex. 1. What do I gain per cent if I buy flour at $6 and seD 
h at $7 per bbL 

Cost : Gain : ; Par Value : Gain per cent. 
$6 : *l : : 100 per cent. : 16§ per cent., .Ana. 
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2. Bought a sliare of the Boston & Maine RaUroad stock fin 
SI 08 and sold it for $105 ? what was my loss per cent. ? 

$108 : S3 : : 100 : 2J, Ans. 

(a^ T^ CT.E 2. — Make a common fraction, writing the gain or fell 
for tilt *iumerator and the cost of the article for the denyminatcr^ 
tntl then 'editor the fraction to a decimal. 

lliiis, in Ex. 2, Sd is the loss and $108 the cost, .*. the loss ia 

y}^ of the purchase money and y||| 
y8/= .02 J, Ans. = .025; »• «• ^J hundredths or 2 J 

per cent, of the cost. 

8. Purchased a quantity of merchandise for $3496 and sold 
tht». same for S3670.80; what did I gain per cent. ? 

Ans. 5 per cent 

4. Bought a quantity of goods for $3496 and sold the sama 
to John Smith on his note at 60 days for $3709.75-^7^. This 
note was, on the same day, discounted at the Andover Bank. 
Did I make or lose ? how much per cent. ? 

Ans. Gained 5 per cent. 

5. Bought a flock of sheep at $4 per head and sold them at $6 , 
what per cent, was gained ? 

6. Bought sheep at $5 per head and sold them at S4 ; what 
per cent, was lost? 

7. Bought goods for $4000, and, in one year, sold the same 
for $4310, out of whidi paid $190 for storage, etc ; h<iw much 
per cent, on the first cost was lost ? 

S68« Prob. 3. — The purchase price of an article being 
^ren to find such a selling price as to gain or lose a certain p*'? 
«ent. on the cost, 

Rni E 1. — Multiply the purchase price hy the per cent, to it 
fained or lost, wHtten decimally, and add the product to or sulh 
'ract it from the purchase price. 
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£x. 1. Bought goods for $400 ; how must the same be sold 
io as to gain 25 per cent. ? 

$400 
.2 5 

2 This is the same as fir ling th« 

^2_2__ amount of a sum of money oo 

$ 1 0.0 = gain. interest for 1 year at 25 per otnt. 
$40 0. 

$ 5 0. Ans. 

2. Bought a horse for $150, but it being injured, I am willing 
i» loM 10 per cent. ; for what may I sell him ? 

%^^^ This is the same as finding 

'^ ^ the present worth of a sum 



$ 1 5.0 = loss. due a year hence, discounting 

J150 — $15==$13 5, Ans. as at the banks. 

(a) Rule 2. — As 100 is to 100 increased hy the per cent t§ 
he gained or diminished by the per cent, to be lost, so is the pmr 
chase price to the selling price. 

By this rule the 1st example will be solved thus : — 

Par value : Premium value : : Ist Cost : Selling price. 
100 per cent: 125 per cent. :: $400 : $500, Ans. 

The 2d example is solved thus : — 

100 : 90 : : $150 : $135, Ans. 

Ex. 8. Bought pepper at 12^ cts. per lb. ; how shall it bo sold 
U> lose 10 per cent. ? Ans. lie and 2^m. 

4. Bought 3 cwt. of sugar at 12^ cts. ; how shall the same be 
■old per lb. so as to gain 20 per cent. ? 

5. Bought 6 shares of Exchange Bank Stock at $100 per 
share ; how shall the same be sold to gain 6^ per cent. ? 

369« Prob. 4. — To find the first cost of an article when we 
know the selling price and the gain or loss per cent, on the coet| 

Rule. — Say cu 100 increased hy the per cent, to he gained %iir 
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diminished hy the per cent, to he lost is Uf 100, so is the selling 
price to the purchase price, 

Ex. 1. Sold wheat at $1 .50 per bushel, and thereby gained 
25 per cent on the cost ; what was the purchase price ? 

Premium value : Par value : : Selling price : Cost 
125 per cent : luO per cent : : $1.50 : $1.20, Ans. 

2. Sold apples at $1.75 per bbl. and thereby lost 10 per cent 
ou the cost ; what was the cost ? 

90 : 100 : : 1.75 : $1.94|, Ana. 

8. Sold 6 yds. cloth for $30 and gained 12 per cent on the 
eost ; what was the purchase price per yard ? 

4. Sold 10 shares of the Fitchburg R. R. stock for $800, and 
thereby lost 20 per cent on the cost ; what d\d I pay per share ? 

370. Prob. 5. — ^If goods be sold at a certain price, and 
there be gained or lost a certain per cent on the cost, to find 
what would be gained or lost per cent, if sold at some other 
price, 

Rule. — As the (zctual price is to the proposed price, so is 100 
increased or "diminished hy the gain or loss per cent, to 100 in- 
creased or diminished hy the gain or loss per cent, when sold €U 
the proposed price. 

Ex. 1. Sold flour at $7 per bbl. and thereby gained 16§ per 
2ent; what per cent should I have gained if I had sold it at 
$7.50 ? 

Actnal price : Proposed price : : 100 + gain per cent : 100 + gain per cent. 
$7 : $7.50 :: 116§ : 125, and 

125 per cent. — 100 per cent = 25 per cent, Aiis. 

2. Sold beef at $6 per cwt, and thereby lost 5 per cent; 
iliould 1 have gained or lost, and how much per cent, had I sold 
t at $7 .*' 

i6 : $7 : : 95 : llOJ, and llOf — 100 = 10| per cent gain. Ana 

16 
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8. Sold a watch for $21 and gained 5 per cent, on the cost; 
had I sold it for $18 should I have gained or lost, and how much 
per cent. ? 

$21 : $18 : : 105 per cent. : 90 per cent. 
100 — 90 = 10 per cent, loss, Ans. 

4. Sold a farm for $5000 and thereby made 25 per cent. ; 
should I have gained or lost, and how much per cent, if I had 
sold it for $3000 ? 

5. Sold a pair of oxen for $175 and gained 5 per cent ; what 
per cent should I have gained if I had sold them for $200 ? 

6. Sold a house for $4000 and gained 20 per cent ; should I 
have gained or lost, and how much per cent., if I had sold it for 
$3000? 

7. Sold a house for $5000 and gained 25 per cent ; what per 
cent, should I havS gained if I had sold it for $6000 ? 

371* Prob. 6. — To mark goods so that the merchant may 
deduct a certain per cent, from the marked price and yet sell the 
goods at cost or at a certain per cent above or below cost.* 

(a) To sell at cost, 

Ex. 1. Bought broadcloth at $4.50 per yard; how shall I 
mark it so that I may deduct 10 per cent from the marked price 
and yet sell at cost ? 

* To determine the per cent, by which to increase the first cost, by an 
Algebraic process, we have this 

Rule.- ^Multiply the. per cent to he deducted from the marked price hy 100, 
arid divide the product by 100 diminished by the same per cent. ; the quotient will 
he tlie per cwt. by which to increase the first cost of the goods 

Ex. Bought a case of boots at $4 per pair ; at what per cent of increase 
shall I maik them to enable me to deduct 20 per cent and yet sell them at 
cost? 

10 X 20 2000 

100 — 20 80 — 25, Ans. 

Proof. — 25 per cent, on $4 is $1, which added to $4, gives $5 for the 
marked price ; again 20 per cent, on $5 is $1, which subtracted from $5^ 
the marked price, gives $4, the cost 
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Since the marked price is to be diminished bj 10 per cent, of 
itself, the selling price must be the remaining 90 per cent, of the 
marked price ; now if $4.50 is 90 per cent, ^ of $4.50 = 5. 
cents is 1 per cent, and . ' . 100 per cent, will be 100 times 5 
cents = $5, Ans. 

Remark. — When the per centage can be reduced to a con- 
venient vulgar fraction, as in Ex. 1, it may be better to employ 
the fraction rather than the per cent. ; thus 90 percent, or ^^0^=4? 
T^j, and if $4.50 is ^ of the marked price, J of $4.50 = 50 
cents is ^ and . ' . ^g, i. e., the whole, will be 10 times 50 cents 
:= $5, Ans. as before. 

This example may also be solved by proportion ; thus, 

90 per cent.: 100 per ceht. :: $4.50: $5, Ans. as above. 
Hence, 

Rule. — As 100 diminished hy the per cent, to he deducted is to 
100, so is the cost to the marked price, 

2. Bought a shawl for $18 ; how shall I mark it so that I may 
make a discount of 10 per cent, and yet sell it for $18 ? 

(b) To sell at a certain' per cent, above or below cost, 

Ex. 1. How shall I mark a watch which cost $40 so that I 
may deduct 15 per cent, on the marked price, and yet make 25 
per cent, on the cost ? 

Since I am to gain 2^ pc* cent, or J of the cost, I must sell 
it for $40 + i of $40 = $50. 

Again, as I am to deduct 15 per cent., the $50 is only -^jpQ of 
the marked price ; hence the proportion : — 

85 per cent. : 100 per cent : : $50 : $58.82^, Ans. 

In the above we first find the selling price, and then, treating 
that as the first cost, proceed as in Art. 271, a. 

The example may also be so/ved by proportion ; thus, 

85 per cent: 125 per cent:: ^40: $58.82 j^^^, Ans. as before. 
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All similax examples may be solved in like manner. Hence, 

Rule. — Say as lOO diminished hy the per cent, to he deducted is 
to 100 increased by the per cent, to be gained or diminished by the 
per cent, to be lost, so is the cost to the marked price 

2. Bought a piece of broadcloth at $5, but, it being damaged, 
I am willing to lose 20 per cent. ; how shall I mark it so that I 
may deduct 10 per cent, from the marked price ? 

90 : 80 : : $5 : $4.44|, Ans. 

3. Paid $4 a pair for a case of boots ; how shall I mark the 
same so that I may fall 10 per cent, from the marked price and 
yet make 25 per cent, on the cost^? 

4. Paid $8 each for a case of bonnets ; how shall I mark the 
same so that I may fall 12 per cent, from the marked price and 
yet make 10 per cent, on the cost*? 

5. Bought a pair of oxen for ^$150 ; what shall I ask for them 
80 that I may fall 5 per cent, and yet make 5 per cent, on the 
cost? 

6. Bought a horse for $175 ; what shall I ask for it so that I 
may fall 20 per cent, and yet lose but 5 per cent, on the cost ? 

373. Miscellaneous Examples in Profit and Loss. 

1. Bought 10 tons of hay for $155 and sold J of it at $15 per 
ton and the remainder at $17 ; did I make or lose ? how much ? 

2. What do I gain per cent, if I buy hats at $3 and sell them 
at $4.50 each ? 

3. Bought shoes at $1.50 per pair and sold them at $1.25 ; 
what per cent, on the cost was lost ? 

4. Sold potatoes at 75c. per bushel and lost 10 per cent od 
ha cost; for what should they be sold to gain 25 per cent.? 

.S. Paid S3 per yard for a case of wrought laces ; how shall J 
mark the same to enable me to make a discount of 25 per cent^ 
from the marked price and yet gain 50 per cent, on the cost? 
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6. Sold doth at t4 per yard and lost 10 per cent ; dhould I 
kiave gained or lost, and how much per cent., if I had received 
$4.25 ? 

7. Sold a watch for S40 and lost 12 per cent, on the cost ; 
what was the cost ? 

8. A merchant bought broadcloth that was 1^ yards wide for 
$3.50 per yard, but the doth, getting wet, shrunk 5 per cent, in 
width and 10 per cent, in length ; at what price per square yard 
must it be sold to gain 5 per cent, on the cost ? 



§80. PARTNERSHIP. 

$873* Partnership is the association of two or more jier- 
sons in business. 

The company thus formed is called 9k firm or house. 

The money or other property invested is called the capital ov 
stack of the company. 

The members of the firm are called stockholders. 

The profits distributed from time to time among the stodc* 
kolders are called dividends. 

97^, Ex. 1. A and B trade in company ; A furnishes $500 
and B $700 ; they gain $480. How shall the partners share 
the gain? 

Since A furnishes ^ of the stock, he is entitled to ^^ of tlie 
gain, i. e. -fi^ of $480 = $200 ; and, for a like reason, B ii 
entitled to ^^ o^ the gain = $280. 

(a) Or we may make a proportion ; thus. 



Whole stock 
$1200 
ftiid Whole stock 
$1200 



A*s stock 
$500 

B's stock 
$700 



: Whole gain 
: $480 
: Whole gain 
: $480 
16* 



A's gain. 

$200 ; 
B*s gain. 

$2i 3 Ho»50«, 
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To find the respective shares of gain or loss, 

Rule 1. — Multiply the total gain or loss hy each paitner^% 
fractional part of the stock, and the products will be the respectw€ 
shares of gain or loss ; or, 

Rule 2. — Say, as the whole stock is to each partner's share of 
the stock, so is the total gain or loss to his share of the gain or 
Jou. 

S7«i. Proof. — ITie sum of the shares of gain or loss nmii 
equal the total gain or loss. 

Ex. 2. A, B and C form a partnership ; A ^mishes $3000, 
B $5000 and C $7000 ; they gain $3000. How shall the gain 
be divided? Ans. A's, $600 ; B's, flOOO ; C's, $1400. 

3. Had the firm in Ex. 2 lost $600, what part of the loss must 
each partner sustain ? how many dollars ? 

1st Ans. A, i ; B, J ; C, yV 

2d Ans. A, $120; B, $200; C, $280. 

4. A, B and C trade with a joint capital ; A furnishes \ of 
the stock; B, f ; and C the remainder; they gain $d284.21 ; 
what is each partner's share of the gain ? 

Note. — These rules are equally applicable to distributing the property of 
a bankrupt and many other similar problems. 

5. A bankrupt whose property is worth $3000 owes A $2000, 
B $1500 and C SIOOO ; to what fractional part of the property 
is each creditor entitled ? to how many dollars ? 

6. A, B and C hire a pasture, for which they pay $150 ; A 
pastures 10 oxen ; B, 8, and C, 12 ; what part of the rent shall 
each pay ? how many dollars ? 

7. A and B hire a pasture for $15 ; A's horse was in the 
pasture 7^ weeks and B's 22^ weeks ; what rent shall each pay ? 

8. A, B, C and D freight a ship to California; A fumishea 
f 1 2000 worth of the cargo ; B, $9000 ; C, $14000,and D, $15000 ; 
they gain $25000. What is each one's share of the gain ? 

9. Divide $800 between A, B and C so that A shaU receiY« 
$2 as often as B receives $5 and C $9. 
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10. A, B and C hire a pasture for $528.80 and stock it with 
horses, oxen, cows and sheep ; 6 sheep are reckoned as 1 ooW| 

5 cows as 3 oxen and 5 oxen as 4 horses. A put in 3 horses, 

6 oxen, 8 cows and 10 sheep ; B, 2 horses, 3 oxen, 2 cows and 
40 sheep ; C, 4 horses, 5 oxen, 4 cows and 50 sheep. What 
shall each man paj ? 

11. A father proposed to diyide $1000 between his two soilfl 
in the ratio of ^ to ^ ; what was the share of each ? 

Ans. 1st son, S400 ; 2d son, $600. 

12. If $500 be diyided between A, B and C in the proportion 
of 3, 1^ and 2^ respectively, what will be the share of each? 

13. A gentleman, djiiig, left two sons and a daughter, to whom 
he bequeathed $2000, $1500 and SIOOO respectively ; but his 
whole estate sold for only $2700 above debts and costs of settle- 
ment What did each child receive from the estate ? 

14. A and B form a partnership with a joint capital of Si 000, 
of which A furnishes § in cash, and B, for his share, furnishes 
100 yards of broadcloth. They gain $338.33^. How shall the 
profits be divided ? What is the price of B's doth per yard ? 



§31. COMPOtjND PARTNERSHIP. 

376. Compound Partnership is a partnership in whidi 
the shares of stock are in for unequal periods of time, 

Ex. 1. A and B trade in company; A puts in $300 for 8 
months, and B $400 for 7 months. They gain $156. ^Vhai 
part of the gain belongs to each ? How many dollars ? 

As $300 for 8m. = $2400 for Im. 
B's $400 for 7m. = $2800 for Im. 

$5200 for Im. ; 

It is, .' as though the joint slock were $5200 for I month, of 
wluch A put in $2400, and B $2800 : hence A is entitled tc 
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im = A of the gain, and B to f fJJ = A ; i. e. A i jntiUed 
to A of $156 = $72, and B to A of $156 = $84. 

(a) The examples in this article may not only be c/olved aa 
the above, but also by proportion by the following 

BuLE. — Multiply each man* 8 stock by the time it t& continued 
in trade ; then say, as the sum of aU the prodiLcts is to vMch manU 
product, so is the total gain or loss to each marHs gAn or hu 
respectively. 

Thus, Ex. 1, above, 

$5200 : $24 :: $156 : S7 2, A's g^ai, and 
$5200 :S2800 ::$156:$8 4, B's g«in. 

2. A and B traded in company; A furnished $1200 for S 
months, and B $1700 for 11 months. They los) $500. What 
was the loss of each ? 

8. Jan. 1, 1853, A, B and C form a partneiiMp for 1 year, 
and each furnishes $3000 ; Mar. 1, A fumisL^is $1000 more ; 
June 1, B withdraws $500, and C adds $500 ; Sept. 1, A with- 
draws $2000 and C $500, and B adds SI 500 Having gained 
S4000, at the close of the year the partnei Mp ia dissolved. 
Wliat is each partner's share of the gain ? 

4. A, B and C traded in company. A, at Irst, put in $1000 
B $1200 and C S1800 ; in 3 months, A put in $600 more and 
B $300, and C took out S400 ; in 7 months fkom the comndence- 
ment of business, A withdrew all his stock but ^700, B put in 
as much as he at first put in and C withdrew ^ as much as A at 
any time had in the firm. At the end of a y<Ar, they found they 
had gained 10 per cent, on the largest total stock at any one time 
in trade. Wliat is the total gain ? What fractional part shaU 
•*Ach have ? How many dollars ? 

A's part, i\i = $107.63|J}. 
An 3. Total gain, $440. -{ B's part, = $ 

$ 



rA'spart, J^f = 

). < B's part, = 

( C's part, = 

Proof, = ¥ 
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D. A, B and C hire a pasture for $300. A puts in 10 oxen 
for 20 weeks, 15 cows for 14 weeks, and 99 sheep for 26 weeks ; 
B puts in 7 oxen for 24 weeks, 12 cows for 20 weeks, and OH 
sheep for 25 weeks ; C puts in 25 oxen for 8 weeks, 12 cows for 
12 weeks, and 33 sheep for 15 weeks. Now, if 11 sheep arc* 
reckoned as 1 cow, and 3 cows as 2 oxen, what is the cost pei 
week for a sheep? a cow? an ox? How many dollars does 
each man pay for sheep ? cows ? oxen ? What part of the rent 
does each man pay ? How many dollars ? 

Ans. Cost per week for a sheep, l-i^; a cow, 16c; an ox, 
24c. A pays for sheep, $37.44 ; for cows, S33.60 ; for oxen, 
$48. B pays for sheep, $24 ; for cows, $38.40 ; for oxen, $40.32. 
C pays for sheep, $7.20; for cows, $23.04; for oxen, $48. 
A pays m = $119.04 ; B, f H = $102.72 ; C, i^ = ^78.24 



§32. TAXES. 



S77* A Tax is a duty levied upon the person or the pitn 
perty of individuals by the authorities of a town, county, state* 
or other section of a country, or by the national government, to 
defray the expenses of government, to construct pubb'c works of 
common utility, etc 

STS. The tax levied upon the person * is called the capiUh 
iion t or poll X tax^ and is so much to each individual bable to 
pay a poll tax, without any reference to his property. 



* la Massachusetts, males 20 years of age and upward are subject to pay 
ft poll tax. From this rule paupers are exempt, and aged and infirm men 
sometimes have the poll tax remitted. The payment of a poll tax is a r» 
fuisite to the privilege of exercising the elective franchise. 

t Capitation, from the Latin capvt, the head. 

\ Poll, from the Dutch bol, the head. 
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379. The method of assessing taxes is not the same m aD 
it^ details in the different States, but the essential principles are 
the same. 

380. In Massachusetts, the assessors are required to assess 
upon the polls about one-sixth part of the tax to be raised, pro- 
vided the poll tax of one individual for town and county purposes, 
except highway taxes, shall not exceed $2.00 for one year. The 
remainder of the sum to be raised is apportioned upon the tax- 
able property of the town, county or state. Hence, 

To Assess Taxes, 

Rule. — Ascertain the number of polls licMe to taxation and 
take an inventory of the taxable property. Multiply the sum 
assessed upon one poU by the number of taxable poUs and subtract 
the product from the sum to be raised. Divide the remainder by 
the taxable property and the qtu>tient wiU be the tax upon $1. 
Multiply the tax upon $1 by the taxable property of an indivi' 
dual; to the product add his pott tax and the sum witt be hu 
tax. 

Ex. 1. The town of A is to be taxed S5999. The real estate 
of the town is valued at $500000 and the personal at $300000. 
There are 666 taxable polls, each of which is assessed $1.50. 
What is the tax of B, whose real estate is valued at $4000 and 
his personal property at $8000, and who pays 1 poll tax ? 

$1.50 X 666 = $999, sum assessed on the polls. 

$5999 — $999 ^^ $5000, sum to be assessed on the property 

$500000 + $300000 = $800000, amount of taxable property 

$5000 -1. 800000 = 6^ mills, tax on $1. 

$4000 + $8000 = $12000, B's taxable property, 

$12000 X .006J = $75, tax on B's property. 

$75 + $1.50 = $76.50, B's entire tax, Ans. 

2. The town of F, wishing to raise a tax of $3599.20, has real 
estate valued at $350000 and personal property worth $250000. 
There being 428 pcUs, each of which is assessed at $1.40. whai 



ir 



Ib the tax of £, whose real estate is valaed at $4000 and his per 
•final property at $6500, and who pays for 3 polls ? 

d. A's property is valued at $5000, and he pays for 2 poUa. 
B's a u u 2400, « « 8 ** 

C's " " « 3600, « « 1 « 

D's « « « 1690, u u 2 ^ 

What are their respective taxes, the conditions being the 
•8 in Ex. 2 ? 



Note. — To save labor, (by using smaller nambers,) assessors freqnentlj 
lake 6 per cent, of the inventory of the town and of the several inhabitants, 
instead of the entire valuation ; bat the labor may be lessened still mora by 
taking 1 or 10 per cent. 

381. It will be more convenient, in calculating a tax list^ 
first to form a table showing the tax on $1, $2, $3, etc., in the 
percentage column, and then to calculate the individual taxei^ 
firom the table. 

Ex. 4. The town of W, whose valuation is $666800, has 1ft 
taxable inhabitants. A, B, C, etc, and wishes to raise a tax o^ 
$3858. 

The taxes of the several inhabitants are for the number iif 
polls and the property, as in the annexed 





TABLE. 








Names. 


No. 


Real 


Personal 


TofAl 


10 




Polls. 
3 


Estate. 


Estate. 
$24404 


A. \JvOtK» 


per cent 


A 


$75596 


$100000 


$10000 


B 


2 


13846 


36154 


50000 


5000 


C 


2 


75000 




75000 


7500 


D 


1 


18544 


41456 


60000 


6000 


E 


2 


24692 


122358 


147050 


14705 


F 




27650 


31500 


59150 


5915 


6 






50000 


50000 


5000 


H 


2 


15000 


20300 


35300 


3530 


I 


1 


20000 


39950 


59950 


5995 


J 


3 
16 


10125 


20225 
386347 


30350 


3035 


Total 


280453 


666800 


66680 
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The tax upon each poll being $1.50, what are the respectiYe 
taxes of A, B, C, etc. ? 

In Rolving this question, first find the sum of all the poll taxes, 
($1.50 X 16 = $24,) and, having deducted this fix)m the total 
tax, ($3358 — $24 = $3334), divide the remainder by the taxa- 
ble property in town, ($3334 — 66680 = $.05), to find the tax 
on $1 ; then form a table showing the tax on $1, $2, $3, etc. ; 
thus. 

TABLE. 



• $ 


• 


$ 


$ 




$ 


$ 




* 


1 


gives 


0.05 


40 


gives 


2.00 


700- 


giveg. 


35.00 


2 


u 


0.10 


50 


u 


2.50 


800 


a 


40.00 


8 


u 


0.15 


60 


u 


3.00 


900 


u 


45.00 


i 


u 


0.20 


70 


u 


8.50 


1000 


u 


50.00 


5 


u 


0.25 


80 


u 


4.00 


2000 


u 


100.00 


6 


u 


0.30 


90 


u 


4.50 


3000 


u 


150.00 


7 


u 


0.35 


100 


u 


5.00 


4000 


« 


200.00 


8 


u 


0.40 


200 


a 


10.00 


5000 


u 


250.00 


9 


u 


0.45 


300 


u 


15.00 


6000 


a 


800.00 


10 


a 


0.50 


400 


a 


20.00 


7000 


u 


350.00 


20 


u 


1.00 


500 


u 


25.00 


8000 


ii 


400.00 


80 


u 


1.50 


600 


u 


30.00 


9000 


u 


450.00 



Now to find Fs tax from this table : 


1 -^^^ 


Tstax 


on $ 5 — 


$250. 


ti 


900 — 


4 5. 


u 


90 — 


4.5 


u 


5 — 


.2 5 



« $5995=$29 9.7 5 
1*8 poll tax = 1.5 

Ts total tax = $ 3 1.2 5. 

In a similar manner each one's tax may be found. 

Ex. 5. The town of C, whose taxable property amounts to 
S1058000, wishes to raise a tax of $3184. There are 385 poll^ 

each taxed $1.40. The property of 

A is valued at $33333.83^, and he pays for 2 polk ; 
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B'9 is valued at $6666.66§ and he pajs for 8 polls ; 



Cs 


(( 


u 


16666.661 


a 


u 1 ^ 


D's 


u 


u 


50Q00. 


u 


« 2 u 


E's 


u 


tf 


25000. 


a 


u 4 ^ 


F's 


u 


u 


75000. 


u 


« 2 " 


G'8 


a 


a 


155d3.33il. 


a 


u 1 ^ 


WluA percentage 


\ of tax is laid upon 


the property and what iti 


the tax of A and of each on the list ? 


Ans. i of 1 per cent 












A's tax $86.13^ 












B's " 20.86§ 












C's " etc 



38S*. In Connecticut, personal property is taxed just twice 
as high as real estate ; thus, if A pays $30 on a farm worth 
$4000, then B would pay $60 on $4000 at mteresL 

383. In Vermont, each taxable poll is reckoned as so much 
property, say $200, and no separate poll tax is calculated. Thk 
shortens the operation of making out a tax list, and is, virtually, 
the same as in Massachusetts. 



§33. ALLIGATION. 

2841. Alligation* treats of mixing simple substances of 
different qualities, producing a compound of some intermediate 
quality. It is of two kinds. Medial and Alternate. 

ftSS* Alligation Medial is the process by which we find 
the price of the mixture, when the quantities and prices of the 
timples are given. 

Ex. 1. A merchant mixes 5 gallons of oil worth 4s. per gal. 



*AU{gatiMf from the Latin alligo, to bind or unite one thing to cMoUm ; m 
suggested by the mode of operation in the Unking process. 

17 
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with 4 gal at 5s., 2 gal. at lis. and 8 gaL at 12s« What is tlui 
value of a gallon of the mixture ? 

5 gal. at 48. per gal. are worth 20s. 

4 « 58. " « 20s. 

2 "lis. « « 22s. 

8 « 12s. " « 36s. 

.*. 14 gaL are worth 98s. 

and 1 gaL is worth ^ of 98s. == Ts., Ans. 

All examples of this nature are solved on this plan. Hence, 

Rule. — Divide the toted value of the articles mixed hy the 
sum of the simples^ and the quotient is the price of one. 

Ex. 2. A miller mixes 75 bushels of com worth $1.05 per 
bush, with 25bush. barley at $1.20, 5bush. rye at $1.50 and 
20bush. wheat at $2 ; what is the value of a bushel of the mix- 
ture ? Ans. $1.25. 

3. A grocer mixes 51b. sugar worth 4c per lb. with 41b. al 
6c, 21b. at 9c., 21b. at lie and 41b. at 13c ; what is a pound of 
the mixture worth ? 

4. K I mix 231b. of spice worth 12c per lb. with 71b. at 20c, 
S!%. at 25c, 81b. at 38c, 131b. at 40c and 211b. at 56c ; what is 
a pound of the mixture worth ? 

28ft. Alligation Alternate is the process of mixing 
quantities of different prices so as to obtain a mixtur«» of a re- 
quired intermediate price.* 

There are three problena*- 

287. PROB. 1. — ^The prices of several kinds of goods being 
given to ascertain how much of each kind may b^ taken to fono 
A compound of a proposed medium price. 

^x. 1. A farmer wishes to mix oats worth 30c per bush, with 
barley worth 45c, so as to make a mixture worth 42c ; how 
many bushels of each may he take ? 

There are several ways of solving this questioF 
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(a) It is evident that he must mix them in such proportioiL 
AS to gain just as much on his oats as he loses on the barlej 
Now, he gains 12c. on Ibnsh. of oats and loses but dc on Ibush 
of barlej ; .*., for each bushel of oats he must take 4 bushels oi 
barlej. 

. 8BCOKD METHOD. 

(h) ^o (30-1 3 — 12c X 3 = —36c, deficiency. 

*^ 145-* 12 + 8c X 12 = +36c, surplus. 

Having written the prices of the oats and barley in a vertical 
column and the price of the mixture at the left, as above, we 
write the difference between the mean price (i. e. the price of 
the mixture) and the price of the oats against the price of the 
barl«7, and the difference between the mean price and that of 
the barlej against the price of the oats, and the differences stand- 
ing against the prices of the oats and barley, respectively, will 
represent the proportional quantities of oats and barley to be 
taken ; for it will be seen that the product of the deficiency in 
the value of a bushel of oats multiplied by the number of bushels 
of oats ( — 1 2c X 3 = — 36c) is necessarily equal to the pro- 
duct of the surplus in the value of a bushel of barley multiplied 
by the number of bushels of barley (-f- 3c X^12 = -|-86c), 
since the two products are composed of the same factors ; and, 
one representing a deficiency and the other a surplus, they wiU 
balance each other. 

In the same manner, any number of pairs of simples may be 
made to balance, as in Ex. 2, 2d method, the price of one simple 
in each pair being less and that of the other greater than th« 
mean price. 

In performing the operation, the terms are connected togethei 
by a line merely for convenience of reference in comparing 
them. 

388. Any multiples or sub-multiples of these numbers will 
be cf the same value per busheL 
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Ex. 2. I liave oats at 40c. per bush., bariey at 47c., com m 
95c and rye at 98c. ; how maj I mix them so as to make a 
griixture worth 75c. per bushel ? 



1 bush, oats, — 35c. 
1 « barley, —28c. 

Deficiency, 
1 « com, 4-20c 
'1 Jf « lye, 443c. 



—63c 



Surplus, -|-^^^ 



1 bushel of oats gives 
a deficiency of 35c and 
1 'of barley of 28c ; 1 
bushel of com gives a 
surplus of 20c, which 
partially cancels the de- 
ficiencies, but still leaves 
a deficiency of 43c ; 



now, Ibush. of rye gives a surplus of 23c ; .*. l§§bush. of rye 
will balance the deficiency of 43c and the mixture will be worth 
75c per busheL 

389* This mode of analyzing is liable to fail if we take the 
prices in regular order, beginning with the lowest; thus, had 
(he prices of the several kinds of grain been as in Ex. 2, and 
the price of the mixture 50c., then it will be seen that, having 
taken Ibush. each of oats, barley and com, we cannot restore the 

balance by putting in rye, for the 
mixture is already of too high a 
price (the surplus, 45c., being 
greater than the deficiency, 13c), 
and adding rye will increase the 
price ; however, in this example, we may begin with the highest 
price, and so remove the difficulty, and in every example we 
may begin with the lowest or with the highest price, and obtain 
a 0f)rrect result. 



Ibush. oats, 
Ibush. barley, 

Deficiency, 
Ibush. com, 



—10c 
— 8c 

—13c 
+45c 



75 



bush. 

{40— ,23 
95J 
98— J 



20 
28 
35 



SECOND METHOD. 

— 35c X 23 = — 805c. 
—28c X 20 = —560c 



—1365c 



-j-20c X 28 = 4-5 60c 

-j-23c X 35 = +805c +1365c 



Each pair of these products, viz. the 1st and 4th, and the M 
and 8d, will necessarily balance ; for they are composed of tk§ 
•▲ME FACTORS, and one is -f- and the other — w 
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390. There eridentlj may be as manj independent answers^ 
all correct, as there are different ways of pairing the simples » 
and, by taking multiples and sub-multiples of these, the results 
maj be varied indefinitely, so that there may be an infinite 
number of answers to one question. 

Among other methods, the 2d example may have the following 
solutions, and each solution may be proved correct by Alligation 
MediaL 



(40-, 20 at 40c 
47J-^ 23 " 47c 
95-1 \^6 '^ 95c 
98 — I 28 « 98c 



S5=r 

95 — I 
98 




c; — I 20 + 28 = 43 at iOc 

28 « 47c 

35 « 95c 

35 + 28 = 68 <" 986 



75 



20 + 23 
35 4-28 



20 at 40c 
43 « 47c 
68 « 95c 
28 « 98c 



From these illustrations, 



Rule. — Write the prices of the several simples in a vertical 
cohimn; on the lefiy separated hy a Une, write the proposed 
medium price ; connect, hy a line, each price that is less than the 
medium with one or more that is greater^ and each that is greater 
with one or more thai is less ; write the difference between the 
medium price and the price of each simple against the number 
or numbers with which the simple is connected ; these differences^ 
or their sum if two or more stand against one price, wiU be the 
proportional parts of the several simples which may be taken to 
form the mixture* 

391* To the mathematician there is something satisfying In 
the analytic process, and something pleasing in the balancing of 
deficiencies and excesses by the linking process; but, for the 
merchant's convenience, there is yet another mode, which may^ 
with propriety, be denominated the Yankee Method, viz. taat of 
guessing at the quantities of the several simples, and then, by 
caLmlation, adjusting the guess. 

17* 
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To illustrate, let us resume Ex. 2. 



cts. 
75^ 



cts. bosh. cts. cts. 

40 5 X —35 = —175 
47 8 X —28 = —224 



95 
98 



6 X -|-20 = +120 



4 X +23 = 



cts. 
— 399, deficiencj. 



— +212, surplus. 



bosh. cts. — 187, deficiency. 
Add rye, 9 X +23 = +207, surplus. 

-j-20, sui*plus. 
Subtract com, —1 X +20 = —20, deficiency. 



Having assumed 5 bushels of oats, 8 of barley, 6 of com and 4 
^»f rye, we find the mixture is not worth so much as it should be 
by $1:87. Now, this may be remedied by putting in more of the 
higher priced grains or less of the cheaper. Jf we add 9bnsh 
more of the rye, this will balance the deficiency and create a sor^ 
plus of 20cts. and this may be corrected by taking out Ibush. of 
com. There will now .be in the mixture 5bush. of oats, 8 of 
barley, 5 of com and 13 of rye. 

Remark. — The deficiencies are marked by the sign — and 
the excesses by + to aid the mind in making corrections. 

Note. — This mode of correcting may be indefinitely varied, hence the 
merchant may take the simples in a ratio more nearly as he desires than by 
either of the other modes. 

303. Let the pupil solve the following examples by each of 
the three modes and prove them : — 

3. A merchant has 4 kinds of oil worth ds., 5s., IDs. and IBs, 
per gallon. What quantities of each may he take to make ■ 
mixture worth 7s. per gallon ? 

4. A grocer wishes to mix teas worth 20c., 28c., 33c., 47o. 
and 60c so that the compound may be worth 38'C. per pound, 
llow many pounds of each may he take' 
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b. A grocer wishes to mix water of no exchangeable Talae 
with wines worth $1.50, $1.80 and $2 per gallon. How many 
gallons of each inaj he take to make a mixture worth $1.60 per 
gallon? 

6. A grocer has spices worth 4, 7, 11, 15 and 20 cents per lb. 
How many pounds of each may he take to make a mixture worth 
12 cents per lb. ? 

S93« Pbob. 2. — ^The price of each of the simples, the price 
of the compound and the quantity of one kind being given, to 
find how much of each of the other simples may be taken, 

Rule. — Find the proportional parts as in the preceding case ; 
then say, as the proportional part of that simple whose quantity 
is given is to the given quantity, so is each of the other propor* 
tional parts to the required quantity of each of the other simples^ 
severally. 

Or, having found the proportional parts, the question may be 
analyzed. 

Ex. 1. How many pounds of sugar at 4, 6, 9 and 10c per lb. 
may be mixed with 121b. at Idc so as to make a compound worth 
8c. per lb. ? 

If we connect the prices as in 
the margin, we obtain 5, 3, 2, 2 
and 41b. for the proportional 
parts. Now if the 41b. at 13c 
be increased in a 3 fold ratio, it 
will become 121b., the given quan' 
tity, and if each of the other 
proportional parts be increased in the same ratio, evidently the 
price per lb. of the mixture will remain unaltered ; hence, 
41b. at 13c : 121b. at 13c : : 51b. at 4c : 151b. at 4c 
41b. at 13c : l21b. at 13c : : 31b. at 6c : 91b. at 6c 
etc etc 

Ans. 15, 9, 6 and 61b. at 4, 6, 9 and 10c. 

Ex. 2. How many gallons of wme at 6, 9 and 15s. per gal. 
may be mixed with 40gal. of water to make a compound worth 
iOs. per. gaL ? 
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3. How many gallons of molasses at 20, 25 and 3dc per gal 
may be mixed with 63gal. at 50c to make a ecmpomid worth 
80c. per gal. ? 

4. How manj pomids of wool at 24, 30 and 40c. per lb. may 
be mixed with 1001b. at 50c. to form a mixture worth 37c per 
lb.? 

5. How many ounces of gold that is 16, 18 and 22 carats fine 
may be mixed with 15oz. that is 24 carats fine to form a mixture 
21 carats fine ? 

394« Prob. 3. — ^Th€^ prices of the several simples, the price 
of tlie compound and the entire quantity in the compound being 
given, to find how much of each simple may be taken. 

Rule. — Find the proportioned parts as in Prob, 1 ; then say^ 
as the sum of the proportional parts is to the whole compound, so 
is each of the proportional parts to the required quantity of 
each. 

Or, analyze, 

Ex. 1. I have 4 kinds of cofiee, worth 8, 11, 14 and 20c per 
pound ; how many . pounds of each may I take to form a com- 
pound of 601b. at l3c. per lb. ? 

Ans. 28, 4, 8 and 201b. at 8, 11, 14 and 20c 

Ct8. lbs. 

r 8— ,7 

Ct8. J 11-n 1 

13 i 14-i2 
[20-J5_ 

15 : 601b. : : 71b. : 281b. at 8c 
15:601b.:: lib.: 41b. at lie 
etc. etc 

We find that the sum of the proportional parts, if linked aa 
nbove, is 151b., and if this be quadrupled, 601b., the required 
.compound, will be obtained ; but the whole compound will be 
quadrupled by increasing each of the proportional parts in a foar 
fold ratio 
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2. A merchant has spices, worth 25, 81, 40, 42, 45, 50 and 
70c. per lb. ; how many pounds of each may he take to form a 
compound of 3001b. at 37^c. per lb. ? 

3. A merchant mixes water with wines, worth 75, 90, 100 
and 124c. per gaL so as to make a mixture of 3000gal. worth 
$1.08 per gaL ; how many gal. of each may he take ? 

4. A drover has sheep, worth 9, 10, 15, 18 and 24s. each 
how many of each may he take to form a flock of 160 sheep 
worth 1 6s. each ? 

5. How many ounces of gold that is 18, 20, 23 and 24 :»ratrj 
tine, may be taken to form a mass of 30 ounces, tliat shall be 21 
carats fine ? 



§34. SINGLE POSITION. 

• 

39^. Single Position is a method of solving an analyti- 
cal question by assuming a number and working with it as though 
it were the true answer to the question. 

390* HuLE. — Assume any number and proceed with it aa- 
cording to the conditions of the question ; then say, as the result 
obtained is to the resuk given in the question, so is the assumed 
number to the required number. 

Ex. 1. What number is that, which, being increased by ^ and 
J of itself, the sum will be 44 ? 

Assume 6 Had we assumed 

Add ^ of 6 = 3 24, the true number, 

Also ^ of 6 = 2 our result would have 

-n ix T7 11 /• Aj A been 44, whereas it is 

Result, 11: 44:: 6: 24, Ans. ^^,y jj . however. 

we have performed the same operations on 6 to obtain 11, thai 
we should have performed on 24 to obtain 44 ; .*. the prop'*" 
tion, 11 : 44 : : 6 : 4th term, musi give the number sought. 



% 
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All examples in Single Position may be very easily analyzed , 
thus in Ex. 1, the number sought is f of itself; ^ tlie number ia 
I and i is f ; now f + f + 1 = V> ^' ®' ^^ ^s y of the number. 
If 44 is V of the number, then ^\ of 44 is i ; tV ^^ "^"^ ^ "^i 
and if 4 is ^, then f , or the whole number, is 6 times 4 = 24, 
Ans. as before. 

Let the learner solve the following examples both by Analy- 
sis and Position : — 

2. Divide 540 into 3 such parts that ^ of the first, ^ of the 
second and ^ of the third shall be equal to each other. 



Though it is right to 
assume any number what- 
ever, yet it is usually 
more convenient to 
8ume such numbers 
will avoid fractions. 







BY 


POSITION. 






Let 20: 
then 30 : 
and 40: 


— 1st 
= 2d 

— 3d 


part 

u 
ii 










90 
90 
90 


:540 
:540 
:540 


::20: 
: : 30 : 

::40; 


120, 

180, 

:240, 


1st 
2d 
3d 


part 

u 








Proof, 540. 


• 












BY 


ANALYSIS. 



The smaller number is J of itself, and, by the nature of the 
question, the 2d number is f of the 1st and the 3d is f of the 
1st ; .-. 540 is J + I + J = I of the 1st ; if 540 is |, then \ of 
540 is } ; ^ of 540 is 60, and if 60 is ^ of the 1st number, then 
f , or the whole, is twice 60 = 120, 1st number. 

3. A teacher, being asked how many scholars he had, replied, 
if I had as many more, \ and ^ as many more and 36^ scholars, 
I should have 300 ; how many had he ? Ans. 93. 

4. A and B have the same income ; A saves ^ of his, but U, 
by spending twice as much as A, at the end of 4 years, finds 
himself $480 in debt ; what is the annual income of each ? 

Ans. S360. 

5. A man, being asked his age, replied, if § of the years ] 
hi»vp lived be multiplied by 9 and | of them be subtracted fnim 
the product, the nsmainder will be 150. How old was he ? 
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6 Seven eighths of a certain number exceed ^ of the sanic! 
by 81 ; what is the number? Ans. 120. 

7. A man lent a sum of money at 6 per cent, compound in- 
terc'vt, and at the end of 3 years received the amount, $1 1910.16 ; 
what Tas the interest ? 

8. A gentleman bought a chaise, horse and harness for $470 ; 
cbe horse <K>st { as much as the harness and the chaise ^ as much 
«fl the hor^e ; what was the price of each ? 



§ 35. DOUBLE POSITION. 

397* Double Position is a method of solving an analyti 
cal question by assuming two numbers and working with each 
though it were the true answer to the question. 

398* Rule. — Assume any two numbers and proceed with 
each as the conditions of the question require ; compare each r«- 
suU with the result given in the question and caU each difference 
an error ; midtiply the \st assumed number hy the 2d error and 
the 2d assumed number by the 1st error ; then if. both assumed 
numbers are too great or both too smalls divide the difference of 
the products by the difference of the errors ; but, if one assumed 
number is too great and the other too small, divide the sum of the 
products by the sum of the errors ; in either case, the quotieni 
will be the number sought, 

Ex. 1. A gentleman, having a sum of moiey, spent $1(K) 
more than ^ of it and had remaining $35 more than ^ of it ; how 
Buch had he at first ? 

Suppose, 1st, he had *^1000, then, 

$100 more than J of it = $300 = the sum spent, 

and $700 = sum remaining ; 

but $35 more than J of it = $535, 

.*. + $165 = ift error. • 
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Suppose, 2d, he had $1500, then, 

SlOO more than ^ of it= $400 = the si:m BpeaL 

and $1 1 00 = the suiu left ; . 

but $35 more than ^ of it = $785, 

.*. + $315 = 2d error. 

$1000 X 315 = $315000, i. e. 1st assumed Na X 2d err^ 
$1500 X 165 = $247500 , i. e. 2d assumed No. X Isteiror, 

$67500 -i- 150 = $450, Ads.; 

I. e. the difference of the products divided bj the difference r4 
the errors gives $450, the answer. 

Remark. — This rule is applicable to all examples that can b# 
solved bj Single Position, and also to very many problems usu- 
ally solved by Algebra. It is founded on the supposition that 
the 1st error is to the 2d error as the difference between the 
true and 1st supposed number is to the difference between the 
true and 2d supposed number. When this proportion does not 
hold, the problem cannot be solved directly by the rule.* 

Note — ^Let the papil solve the following examples, both by Position and 
Analysis. 

* Algebbaic Dehonstbation of the Rule. — Having assumed 
the numbers a and b, and performed on them the operations required by the 
conditions of the example, let the results be represented by A and B, whereas, 
if we had assumed the true number, x, we should have obtained N, the 
result given in t le example. 

Now let iV— 4. = r, the 1st error, and 
N — 6=8, the 2d error ; 

Then by the proportion in Art. 298, Remark, 

We have r : s :: x — a: x — 6 

Reducing to an equation, rx — rh = sx — sa 

Transposing, rx — sx = rh — sa 

Dividing by r — «, ar = 

Had r and s both been neffotive, the value of x would not have be^B 
changed. Had r ob s been negative, the proportion would have taken one 
of two following forms, — r : s ::x — a x — 6, orr: — s :: x — a : x^fs 

either of which, reduced, will irive x s: — ^ — : and these valuei o^ 

r -f-* 

ii^iree with the enunciation of the mle. 
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2. A and B have the same income ; A saves | of his, but B, 
by spending £30 per annum more than A, at the end of 8 years 
finds himself £40 in debt. • What is their annual income? 

Ans. £200 each. 

3. A wine dealer bought 2 casks of porter, one of which held 
3 tunes as much as the other; from each of these he drew 4gal., 
when 4 times as many gal. remained in the one as in the other. 
Required the number of gal. in each. Ans. 12 and 36. 

4. A and B have the same income ; A saves ^ of his, but B, 
by spending $200 per annum more than A, finds himself in debt. 
At the end of 5 years, A lends to B enough to pay his debt and 
has $250 left. What is the annual income of each ? 

5. What number is that which, being divided by 7, and the 
quotient diminished by 10, 3 times the remainder shall be 24?* 

Ans. 126. 

6. There is a fish whose head weighs 14 pounds, his tail 
weighs as much as his head and ^ as much as his body, and his 
body weighs as much as his head and tail. What is the weight 
of the fish ? Ans. 801b. 

7. A man hired a laborer for 50 days, on condition that for 
every day he worked he should receive $1.50 and for every day 
he was absent he should forfeit $1.75. At the expiration of the 
time he received $42.50. How many days was he absent ? 

Ans. 10. 

8. A drover bought a number of horses, oxen and cows for 
$2640. For every horse he paid $50, for each ox | as much as 
for a horse, and for each cow J as much as for a horse. There 
were 3 times as many oxen as horses, and twice as many cows as 
oxen. How many were there of each ? 

9. A gentleman has 2 horses and a saddle. The saddle is worth 
J as much as the 1st horse, and if it be put on the 1st horse, 
they together will be worth .3 as much as the 2d horse. Jf the 
saddle be put on the 2d horse they will be worth 3 times as much 
as the 1st horse plus $50. What is the value of the 2d horse? 

18 
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§36. INVOLUTION AND POWERS. 

399« If a number is multiplied by itself, the product is called 
* power; thus, 

3x3= 9, the 2d power, or square of 3. 
3X3X3= 27, the 3d power, or cube of 3. 
3X3X3X3= 81, the 4th power, or biquadrate of 8. 
8X3X3X3X3 = 243, the 5th power of 3. 
etc etc 

Again, 10 X 10 = 100, the square of 10. 

10 X 10 X 10 = 1000, the cube of 10. 
10 X 10 X 10 X 10 = 10000, the 4th power of 10. 
10 X 10 X 10 X 10 X 10 = 100000, the 5th power of 10. 
etc etc 

The number which is multiplied by itself is the 1st power; it 
is also the root of the other powers (94, b. Note 5). 

300* The process of multiplying a number by itself, L Ck 
raising it to any required power, is called Involution. 

301* Instead of actually performing the multiplication, we 
may indicate the power by placing an exponent or index at the 
right and a little above the root (94, b. Note 2) ; thus, 

4 X 4 is written 4^, and is read, the square of 4, or 2d power of 4, 
4 X 4 X 4: is written 4' and is read, the cube of 4, or 3d power of 4^ 

etc etc 

303* The exponent shows how many times the root is taken 
as a factor. Hence, 

To involve a number to any required power. 

Rule 1. — Write the index of the power over the root ; or. 

Rule 2. — Multiply the number by itself, and (if a highn 
power than the second is required) multiply this product by tfu 
original number and so on until the root ha* been taken as afar.- 
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tor €u many times a$ there are units in the index of the required 
power, 

KoTE.~ These rales are applicable to every example that can occur in 
m volution ; but their application ma/ be profitably modified in particular 
cases. 

303* If we involve by Rule 2, the number of multiplications 
is always one less than the number of units in the index ol tho 
power; thus, one multiplication gives the second power, two 
multiplications give the third power, etc. 

We may, however, more readily obtain a high power by t*mit- 
ting t$pme of the intermediate powers ; thus, 3* X 3^ = 3* =^ 81, 

for 3'*X3'^ = 3 X3 X 3^3 = 3 X 3 X 3 X 3 = 3*; so slso 

89X 3» = 3*^ = 243, for 3^ X 3» = 3~X8X 3 X 3x 3 = 3 X 
3x3x3x3 = 3*; and, generally^ if any two or more powers 
of the same number be multiplied together, the product will be 
that power of the root indicated by the sum of the exponents of 
the factors. ^ 

304l« The principle in 303 leads directly to the following: — 
To involve a quantity that is already a power. 

Rule. — Multiply the index of the given number by the index 
of the power to which it is to be raised. 

Tims, the 3d .power of 2* is 2^ for 2^ = 2 X 2, and the 8d 

powtTof 2x2is2^r2X2X 2X2^^ = 2 X2X2X 2X 
2 X 2 = 2« = 64. 

Again, the 5th p,)wer of 4» is 4" = 1073741824 ; etc. 

SOSi. A vulgar fraction is involved by involving the numer- 
ator and denominator separately (127 Rule). 

Before involving, the fraction should be reduced to its sini 
plest form ; thus, 

2« 
the 3d power of J is (^Y = (§)'* = ^= ^ ; etc 

306. The number of decimal places in the power of ft 
l«x;imal fi-action is equal to the number of decimal places in th# 
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root multiplied by the index of the power (156, Rule) ; thua, 
the 3d power of .12 will contain 6 decimal places ; for, .12 X rl^ 
= .0144 and .0144 X .12 = .001728 ; i. e. .12*=. 001 728; etc- 

307* All the powers of 1 are 1 ; for the continued product 
of any number of I's is 1. 

The powers of a number greater than unity, are greater than 
the root and the powers of a proper fraction are less than the 
root ; thus, 3^ = 9 > 3 ; (J)» = a|a > } ; etc, but (§)» = 

t<§;a)'=Ty^<t;etc.,etc 

308« To divide a power of any number by any other power 
of the same number, we have only to subtract the index of the 
divisor from that of the dividend ; thus, 5^ -i- 5' = 5*, for 5' -7- 5* 

5' 5x5x5x5x5X5x5 ^ r r r .a 
= y= 5X5X5 ^=5X5x5x5=5';etc 

309« The product of two numbers cannot consist of more 
figures than there are in the two factors, counted together, nor 
of less than that number minus one ; thus, take the largest 
numbers that can be expressed by 2 and by 8 figures, viz., 99 and 
999. Now, since 999 X 99 is less than 999 X 100, and 999 X 
100 (= 99900) contains only as many figures as are in 999 and 
99, it is evident that the product of 999 X 99, or of any other 
two numbers consisting of but 2 and 3 figures, cannot have more 
than 5 figures ; i. e. it cannot have more than the number of fig- 
ures in the two factors. 

Againj take the smallest numbers that can be expressed by 2 
and by 3 figures, viz., 10 and 100 ; then 100 X 10 = 1000, and 
the product of any other two numbers expressed by 2 and 3 
figures will be greater than 1000 ; but 1000 has only one figure 
less than 10 and 100 counted together, i. e. only one figure leae 
than ar 5 in the two factors. 

Like illustrations may be made with any two numbers ; .* the 
U^ith of this article is evident. 

310. An important application of this principle is, that the 
nqtMtre of a number will always consist of twice as many fi<rures 
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«s the root or of one less than twice as rnanj ; the cube of a nnni* 
ber will consist of three times as many as the root or of one oi 
two less than three times as many ; etc 

311* The square of units cannot consist of a higher order 
of figures than tenSy for the square of 9, the largest unit's figure, 
is but 81, a number consisting of no higher order of figures than 
tens. Again, the square of tens can consist of no higher order 
than thousands and no lower than hundreds, for the square of 90 
is 8100 and the square of 10 is 100 ; i. e. the square of 9 teiii 
gives no higher figure than thousands, and the square of 1 ten 
gives no lower significant figure than hundreds. 

In like manner we might show to what orders of figures the 
squares of hundreds, thousands, etc., would belong ; also to what 
orders the cubes, biquadrates, etc of units, tens, hundreds, etc, 
would belong. 

313» Examples in Fowebs. 

1. What is the Sd power of 5 ? 

Ans. 5» = 5X5X5 = 125. 

2. What is the 6th power of 6 ? 

8. What is the product of 6* multiplied by 6^ ? 

4. What is the product of 3* X 33 ? 

5. What is the 3d power of ^ ? Ans. ^5. 

6. What is the square of 3^ ? 

7. What is the cube of J ? 

8. What is the square of .25 ? Ans. .0625. 

9. What is the cube of .006 ? 

10. Wliat is the 6th power of 1 ? 

11. What is the quotient of 7' -^ 7* ? Ans. 49. 

12. What is the quotient of 9« -^ 9^ ? 

13. What is the quotient of 10*« -^ 10" ? 

14. How many figures are there in the cube of 99 ? Ans. ft 

15. How many figures are there in the cube of 40 ? 

16. How many figures are there in the cube of 12 ? 

17. How many figures are there in the 5th power of 99 ? 
18- How many figures are tliere in the 5tli power of 10 ? 

18* 
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A TABLE OF POWERS. 



Ist 

2d 

8d 

4th 

6th 

6th 
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8th 

»th 

10th 
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6 
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7 
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25 


86 


49 


64 
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27 


64 


125 


216 


843 


612 




16 


81 


256 


625 


1296 


2401 


4096 




82 


243 


1024 


8125 


7776 


16807 


82768 




64 


729 


4096 


16625 


46666 


117649 


262144 




128 


2187 


16384 


78125 


279936 


823543 


2097152 




256 


6561 


65536 


890626 


1679616 


6764801 


16777216 




612 19683 


262144 


1953125 


10077696 


40363607 


184217728 




1024 


59049 


1048576 


9765625 


60466176 


282475249 


1073741824 



i 

81 

729 

6661 

69049 

681441 

4782969 

43046721 

8874204 s-g 

3486784^ 1 



§37. EVOLUTION. 

313* Evolution is the reverse of Involution, 

In Involution, the root is given and the power required. 

In Evolution, the power is given and the root required. 

31 4. A root of a number is one of the equal factors whose 
continued product is that number (94, b, Note 1). 

The number of times the root is to be taken as a factor de- 
pends upon the name of the root. 

The square root of a number is one of its two equal factors ; 
the cube root is one of its three equal factors ; etc. ; thus, the 
square root of 64 is 8, for 8 X 8 = 64 ; the cube root of 64 is 
4, for 4 X 4 X 4 = 64 ; the siacth root of 64 is 2, for 2 X 2 
X2X2X2X2 = 64. 

31^« Powers and roots are correlative terms ; i. e. if one 
number is the square of another, then the latter is necesBariUf 
the square root of the former ; thus, if 9 is the square of 3, then 
8 must be the square root of 9. 

316* There are two methods of indicating a root, — one by 
means of the radical sign, ^^ and the other by means of &/rae' 
tional index ^94, b. Notes 3 and 4). 
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The figare placed over the radical sign is the index of the 
root, and is always the same as the denominator of the fractional 
index. If no number is over the radical sign, 2 is understood. 

317. Evolution or Extbacting Roots ii the resolving 
of a quantity into cu many equal factors as there are units in 
the index of the root. 

318* As we involve a number bj multiplying its index by 
the number denoting the power (304), so we evolve a number by 
dividing its index by the number denoting the root ; thus, the 
square root of 88 is 88 ■»• » = 8», for 8» X 8» = 8» ^ « = 8«; 
the cube root of 612 is 6" -^ » = 6*, for 6* X 6* X 6* = 6* ^ • 
= 6" ; etc. Following out this principle, (which is universal,) 
we introduce fractional indices ; thus, the square root of 4, i. e« 
4*, is 4^ =: 2 ; the cube root of 64, i. e. 64^, is 64* = 4 ; etc 

319* In like manner, we may indicate a power and a root 

at the same time ; thus, the square root of 4' is 4^ In this and 
all similar expressions, the numerator of the index indicates a 
power and the denominator indicates a root, and it is immaterial 
which is read first, the power or the root ; for any power of any 
r%ot of any number is eqtud to the same root of the same power 
of the same number ; thus, 8' is the square of the cube root of 8 
or it is the cube root of the square of 8, and either result is 4. 

3S0« We may also indicate a power and a root at the same 
time by means of an index and a radical sign ; thus, '\/85 = 
32, is the 5th power of the cube root of 8 or it is the cube root 
of the 5th power of 8 ; <v^l6' = 64 is the cube of the square root 
of 16 or it is the square root of the cube of 16 ; etc. 

3S1* AU numbers can be involved to any required power, 
but comparatively yct^? can be evolved. There are but 9 integral 
numbers less than 100 that are perfect squares and but 4 that are 
perfect cubes. 

Those numbers which can have their roots extracted are called 
p^ect powers and their roots are rational numbers. Numben 
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whose roots cannot be taken are called imperfect powers and 
their roots are irrational, radical or surd numbers; the term 
radical, however, for convenience, is applied to all quantitiefl 
standing under a radical sign or fractional index, whether their 
roots can or cannot be taken. 

A number may be a perfect power of one name or degree and 
an imperfect power of another; thus, 16 is a perfect square but 
an imperfect cube, whereas 27 is a perfect cube but an imperfect 
square ; again, 64 is a perfect square, cube and sixth power. 

333* Every root of 1 is 1. There is no other number whose 
powers and roots are all alike. 

The roots of a proper fraction are greater than the fi'action and 
the roots of any number greater than unity are less than the 
number; thus, Vj = f > i? VH = f > JJ ; but ^|| = 
KM; V125 = 5<125; etc 
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To EXTRACT THE SQUARE ROOT of a number is to 
resolve it into two equal factors, i. e. to find a number tohieh, 
multiplied into itself, will produce the given number, 

3S4:« The square of a number always consists of twice as 
many figures as the root, or of one less than twice as many 
(310) ; conversely, then, there will be one figure in the root for 
each two figures in the square ; and if there is an odd figure in 
the square, there will be yet another figure in the root for thiU 
otid figure in the square. 

33d« Again, the square of units can consist of no highci 
order of figures tlian tens, and the bquare of tens of no lowei 
order than hundreds (311) ; .*., if a number consists of 3 or 4 
figures, its square root must consist of 2 figures, tens and unitti 
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and we must look for the Bquare of the tens in the 3d oi in tb< 
Sd and 4th places of the power. 

336« Let us now take an example and see if we can discoT- 
er any principles to guide us in extracting the square root of a 
Qumber. 

Ex. 1. How large a square floor can be laid with 576 squars 
feet of boards ? 

If we knew the length and breadth of a floor, we should find 
(ts area bj multiplying the length by the breadth, (75), or, in 
this example, (since length and breadth are equal,) by multiply- 
ing the length by itself. BtU we are now to reverse this process^ 
aiidy knowing the area, to find the length of one side. 

Since the number, 576, consists of three figures, its root will 
consist of two (324), teTis and units, and the square of the tens 
must be found in the 5 (hundreds) (325). 

OPERATION. 

5 7 6 (3 4 Now the square of 2 (tens) is 4 

'i (hundreds) and the square of 3 (tens) 

^ ^\ j^ J is 9 (hundreds) ; and, as 5 (hundreds) 

"^ J y is less than 9 (hundreds) there can be 

but 2 (tens) in the root Let us now 

^ construct a square. Fig. 1, each side 

of which shhll W 2 tens (== 20 £er.t) in length. The area of 

this square is ^ X 2^ = ^^^ square feet, which, deducted from 

p. ^ 576 feet, will leave 176 square 

^, ^ — jc feet to be used in enlar^ng the 

floor. To preserve the square 

form, this addition must be made 

^ upon 2 or 4 sides of the floor ; 

5 for convenience we will make 

it upon 2 sides, as in Fig. 2. 
From the nature of the case, 
the 2 additions, bm and cr, are 

Ir of a uniform breadth; and, if 

20 feet their length were known, we could 

determine their breadth by divid- 
big their area, 176 feet, by their length (75, a). But we d$ 



a 



20 
20 

4 sq. fl. 



214 
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know the length of 5A -|- cr, viz., twice the tens of the root =. 4 
(tens or 40 ft.), and this is sufficiently near to the whole length 

of the additions, to 

Fig. 2. n 

m 



r 



S 



20 
_4 

8 sq. ft. 



20 
20 

400 



4 
16 sq.ft. 



20 

80 sq.ft. 



20 feet. 



b 4ft. 



serve as a trial divisor. 
Now 176 -i- 40, or, 
what is the same in ef- 
fect, 17 -7- 4, gives 4 
ft. fbr the breadth of 
the addition, and this 
added to the trial divi^ 
sor, 40, or annexed to 
the 4 (tens) will give 
44, the whole length 
of bm -i- cr, the trKe 
divisor. And 44 X 4 
= 176; i. e. the length 
of the addition multi- 
plied by its breadth 
gives its area. 



It will be seen that evp.ry foot of board is used and the floof 
is in a square form, each side of which is 20 -|- 4 := 24 ft. long 
•*. the problem is solved. 

3S7. The same species of reasoning applies, however mai^ 
figures there may be in the root. Hencc^ 

To Extract the Square Boot of a number. 

Rule. — 1. Separate the given number into periods of Ivi 
figures ea^h^ by placing a dot over units,, hundreds, etc. 

2. Find the greatest square in the left hand period and set tlr 
root at the right, in the place of a quotient in long division. 

3. Subtract the square of this root-figure from the left hone 
period, and to the remainder, annex the next period for a divi' 
dend. 

4. Double tKe root already found for a tbial divisob, and. 
emitting the right hand figure of the dividend, divide and set thf* 
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M 



quotient as the next figure of the root and also at the right of 
the trial divisor y and so form the true divisor. 

5. Multiply the true divisor hy this new figure of the root and 
subtract the product from the dividend. 

6. To the remainder annex the next period for a new dividend 

and, having douhled the part of the root already found for § 

tried divisor, proceed as before until aU the periods have been §m 
ployed. 

Note 1. — ^The left hand period may consist of but one figure. 

N^TE 2. — The trial divisor being smaller than the true divisor, the quo- 
tieni is frequently too large, and a stnaUer number must be set in the root. This 
usually occurs when the addition to the square, a c, is wide, and, conse- 
quently, the square^ h n, large ; or, in other words, when the tri^l divisor if 
much less than the true divisor. 

338* Proof. — Add the four parts of the square together; 
Ihus, 

a c = 400 
bh= SO 
c r= SO 
hn= 16 

am= 576, the area of the square. 

2p Mode of Proof. — Square the root; thus, 24 X 24=r 
576, the area, as before. 

Ex. 2. What is the square root of 67081 ? 

... 

67081(25 9, Ans. In this example, the left 

4 hand period consists of but 

45"^ 2 7 ^^^ figure. So, also, the 

22 b ' ^^ divisor, 4, is contained 

in 27 six times ; and the 2d 

509)4581 * remainder, 45, equals tli0 

45 81 divisor ; still, the true root 

Q figure is but, 5. 

H What is the square root of 420} 6324 ? 
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42016324(6482, Ana. 
86 

124)601 
496 



1288)10568 
10304 



12962)25924 
25924 



4. What is the square root of 580644? Ans. 762. 

5. ^1679616 = how many? Ans. 1296. 

6. What is the square root of 15625 ? Ans. 125. 

7. What is the square root of 390625 ? Ans. 625. 

8. What is the square root of 9765625 ? Ans. 3125. 

9. What is the square root of 1073741824 ? Ans. 32768. 

10. 119550669121* =? Ans. 345761. 

11. What is the square root of 59048912180241 ? 

Ans. 7684329. 

12. What is the square root of 16777216? 

.... 

16777216(409 6, Ans. When a root-figure 

16 is 0, as in this example^ 

8 9 W 7 7 2 ^® simply annex to 

y 2 8 1 ^^ ^^ divisor and 

^toiifi Period to complete the 

^^^^^ new dividend. 



13. What is the square root of 3486784401 ? Ans. 59049. 

14. What is the square root of 41211436036? 

Ajds. 203006. 

15. What is the square root of 5764801 ? 

16. What is the square root of 43046721 ? 

17. What is the square root of 60466176 ? 
(a What is the square root of 282475249 ? 
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19. What is the square root of 104.8576 ? Ans. 10.24. 

As p number consisting of 
1 4.8 5 7 6 (1 0.2 4 an integer and a decimal is 

\ involved just as an integral 

202)0485 number is involved, pointing 

4 4 off for decimals, as in Art. 

<ii\ A A ToT^Ttt ^^^' ^ *^® ^"^^^ ®^ ^ number, 

817 6 ^^ integral and partly 

decimal, is extracted pre- 
ciselj as though it were a 

whole number, taking cai'e 
to place the first dot over units and pointing both to right and 
left. If the right-hand period is deficient, we annex a cipher : 
for this will complete the period but will not affect the value of 
the decimal (149). 

There will be as many integral figures in the root as there- 
ai*e periods of integral figures in the power, and for each period 
of decimals in the power there will be a decimal figure in the 
root. 

If the entire power is decimal, place the first dot over hun- 
dredths and point towards the right. 

20. What is the square root of 747.4756 ? Ans. 27.84. 
2J. What is the square root of 4698 ? Ans. 68.5414-. 

If there is a remainder after 
4698(6 8.5 41 employing all the periods in 
3 6 the given example, the opera- 

1 2 8 '^ 10 9 8 ^'^^ ^^y^ ^® continued at pleas- 

\c\^A ure by annexing successive 

periods of ciphers, decimally ; 

1365)7400 there will, however, in such 

^ o ^ ^ examples, always he a remain^ 

13704)57500 ^j. > for the right-hand figure 

^^816 of the dividend is a cipher, 

137081)268400 whereas the right-hand figure 

13 7 81 of the subtrahend is, neces- 

, Q J Qj Q sarily, the right-hand figure 

of the square of some one of 
4ie nine digits, the right-hand figure of the root and of the divi- 
heing cdways aUke. Now, no one of the nine digits, squared, 

19 
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will give a number ending witli a cipher ; •*•, the last figure ol 
the dividend and of the subtrahend being unlike, there must h$ gi 

remainder. 

I- 

22. What is the square root of 19.876 ? Ans. 4.458-K , 

28. What is the square root of 176.94328 ?^i^V^ • / i i \3 6 ^ +" 

24. What is the square root of 25.467 ? 

25. What is the square root of 396.18475 ? 

26. Wliat is the square root of 872.94 ? 

27. What is the square root of 187.946 ? 

28. What is the square root of 49.87604 ? 

29. What is the square root of f J ? 

\/H = \/i» = t, Ana. 

To extract the root of a \Tilgai fraction, 

Beduce the fraction to its simplest form^ and then take (Hm 
root of the numerator and denominator separately ; or^ if either 
term of the fraction, when reduced, is an imperfect square, 
reduce the fraction to a decimal (158), and then proceed as in 
ike foregoing examples. 

80. What is the square root of j^f ? Ans. f 

81. What is the square root of \%% ? Ans. |f 
^ What is the square root of | ? Ans. .866-f-. 
88- What is the square root of 930^ ? 

V^930i = V^V^ — V = 30^, Am, 

84. What is the square root of^-j-f"}"?^ — A^ 

\/^ + H-J- Vt :^WH^i^lh Ana. 

85. What is the square root of ^ <>f jj + -^ of f — ^^ } 

Ans. \n 

86. What is the square root of ~ + 7 ox' ^ + C J + f 1 

o } J 

Ans 3.12379+ 

87. What is the square root of i o^ -^ + r« ^^ ♦ — i' 

J 8 of 

88. What is the square root of .376942784 ? 
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339. Applioation op the Squabe Root. 



D 




G 



9BFIKZTIOH8. 

!• A CiBCLE is a plane figuis 
boimded by. a cunred line, aO 
parts of the line being equally 
distant from a point within, called 
the center. 

2. The curve which boundf 
the circle is called the circumfer- 
ence. 

8. The circumference is diyid* 
ed into 360 equal part«, called 
decrees (81) ; .*. 180® is semi- 
drcumference, 90® is quadrant, 60® is sextant, 45® is octant, etc 

4. Any portion of the circumference, e. g. BAF, is called an 
Cttrc. 

5. The straight line BF, which joins the extremities of any 
arc is called a charcL 

6. Any chord DF which passes through the center of a circle- 
ts called a diameter. 

The diameter is longer than any other chord. 

7. Any straight line, as CB, CD, CE, etc, drawn ftom tiM 
lenter to the circumference, is called a radius or semi-diameter. 

8. Any straight line, as £G, which touches the circumference 
in one point £, and can touch it in no other point when the Hne 
is extended, is called a tangent. ^ 

The point E is called the paint of contact or point of tangency. 

9. When two lines meet, as in Fig. 
2, they are said to form an angle. 

The point B, where the lines meet, 
is called the vertex of the angle. 

We call this the angle B ; if, how« 
ever, there are several angles at one 
point, as at C in Fig. 1, it is necessary to designate the angle 
by three letters ; e. g. in Fig. 1, BCD or DCB, the middle letter 
ALWAYS standing at the vertex, and the other two letters at t]i6 
other extremities of the lines which form the angle designated. 
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10. If a circle be drawn liaving its center at the vertex of an 
angle, tlie arcy included between tbe sides of the angle, is said 
to measure the angle ; thus, if the arc BD, Fig. 1, is } of the 
circumference, (= 45^,) the angle BCD is an angle of 45^. U 
the arc is j- of the circumference, (= 90%) as DE in the angle 
DCE, or EF in ECF, the angle is one of 90"* and is called a 
right angle. 

The lines which form a right angle are perpendicular to each 
other* 

An angle of less thas 90% as BCD, Fig. 1, is an acute angle. 
An angle of more than 90% as BCF, Fig. 1, is an obtuse angle* 
Lines forming acute or obtnae angles are oUique to each other. 



Fig. 3. 




11. A Triangle is a figure 
bounded by three straight lines. 

12. A right-angled triangle has 
one of its angles a right angle. 

The side opposite the right an- 
gle is called the hypotheneuse ; the 
other two sides are the base and 
perpendicular. 

The sum of the three angles of 
any plane triangle is equal to two 
right angles, or 180**. 



Base. 




13. An equilateral triangle has tU 
three sides equal to each other. 
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14. An isosceles ti'ttm* 
gle has two and onfy two 
of its sides equaL 



Fio. 7. 



15. A BBOTANGLE is a foUT 

sided figure, each of whose anglei 
is a right angle. 



Fig. 8. 




B 



1(L A Squabe is an equ/Uaterai 
rectangle. 

17. A (fto^ono/ is a straight line, 
as AC, joining the vertices of twd 
opposite angles. 



Fio. 9. 




18. A square, or any other fig^ 
ure, having the vertex of each of 
its angles in the circumference of 
a circle is inscribed in that circle ; 
and the circle is circumscribed 
about the figure. 



19» 
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19. A square, or any other fig- 
ure, having each of its sides tan- 
gent to a circle, is circumscribed 
about that circle ; and the circle 
is inscribed in the figure. 



330. By Greometry, the following propositions are easily 
demonstrated : — 




B 



D 



1. K in a triangle, a line 
be drawn from the vertex of 
an angle included between 
equal sides, perpendicular to 
the third side, it wiU btsed 
that third side ; i. e., it will 
divide the third side into two 
equal parts. 



2. The diagonal of a square ^Fig. 8.) divides the square into 
two equal right angled triangles. 

3. The diameter of any circle is to its circumference in the 
ratio of 1 to 3.141592, nearly ; hence the diameter multiplied by 
8.141592 will give the circumference, and, conversely, the cii^ 
rumference divided by 3.141592 will give the diameter. 

4. The area of a circle may be found by multiplying the 
square of its diameter by .785398, nearly, and, conversely, if the 
area is divided by .785398, the quotient will be the square of 
the diameter. 

5. The areas of two cirdoQ are to each other as the pquarei 
of their radii, diameters or drcumferenoes. 
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Fig. 19. 
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6. The square de- 
scribed on the hypothe- 
nuse of a right-angled 
triangle is equal to the 
sum of the squares de- 
scribed on the other 
two sides This will 
be seen by counting 
the small squares in 
the square of the hy- 
pothenuse and those in 
the squares of the other 
two sides. The square 
of either side adjacent 
to the right angle is 
equal to the square of 
the hypothenuse mt- 
nm tlie square of the 
other side. 



7. A square described on a line 
1 foot long is only ^ as great as a 
square described on a line 2 feet 
^oi^g) i ^ great as that on a line 8 
feet long, etc, etc 



B 



2 



8. If two angles of one triangle are respectively equal to two 
of another triangle, then the third angle of the one is equal to 
the third angle of the other and the two triangles are similar. 

9. In similar triangles the sides of one are proportional to the 
homologous or corresponding sides of the other, and the areas are 
as the squares of those sides. 

10. K one angle of a right-angled triangle is 30°, the side 
opposite that angle will be ^ as long as the hypothenuse. 
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EXAMPLES. 



1. A certain square field contains 10 acres of land ; how ma^^ 
rods in length is one side of this field ? Ans. 40. 

2. A square field contains 20 acres ; how many feet in the 
diagonal of this field? Ans. 1320. 

3. A tree, broken ofi* 21 feet from the ground and resting on 
rhe stump, touches the ground 28 feet from the stump ; what u 
the length of the part broken off? Ans. 35 feet. 

4. A fort 24 feet in hight, standing by the side of a stream, 
can be reached from the opposite side of the stream by a ladder 
that is 40 feet in length ; what is the width of the stream ? 

Ans. 32ft. 

5. A rope 100 feet long, attached to the top of a derrick and 
drawn perfectly straight, reaches the ground 80 feet from the 
derrick ; how high is the derrick ? Ans. 60ft. 

6. A field in the form of a right-angled triangle contains 1) 
acres, and the base of the triangle is 4| times as long as thfl 
perpendicular; what will it cost to fence this field, at 66fc pel 
rod? Ans. S60. 

7. Two ships sail from the same port, one due east and the 
other due south, one at the rate of 8 miles and the other 10 miles 
per hour. Suppose the surface of the ocean to be plane, how 
for apart are the ships in 24 hours ? 

8. What is the side of a square equal in area to a cirde 50ft. 
in diameter? Ans. 44.31 l-j-ft;. 

9. What is the diameter of a circular pond which shall con- 
tain 16 times as much area as one ten rods in diameter? 

10. What is the diameter of a circle whose area is ^ as great 
as that of a circle whose circumference is 62.83184ft;. ? 

Ans. 10ft. 

11. An army consists of 546121 men; how many shall be 
placed in rank and file to form them into a square ? 

12. Two rafters, each 35 feet long, meet at the ridge of a Tool 
15 feet above the attic floor ; what is the width of the house ? 

Ans. 63.2454-IL 
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IS. A certain room is 25f);. long, 20fl. wide and 12ft. liigh , 
how far from one lower comer to the opposite upper comer ? 

Ans. 34.194-ft. 

14. A pipe I of an inch in diameter will fill a cistern in 5 
Kaob ; in what time will a pipe 2| inches in diameter fill it ? 

Ans. 3d-^m. 

15. If a wire -^ of an inch in diameter sustain a weight of 
ISOOlbs., what weight will be sustained by a wire ^ an inch in 
diameter, the strength of the wire vaiying as the area of the 
transverse section ? 

16. A circular island 44 feet in diameter has a canal of uni- 
form width around it. At the center of this island stands a 
statue 11 feet tall, and a line extending from the top of the 
statue to the opposite bank of the canal is 61 feet long. What 
is the width of the canal, if the land upon the two sides is upon 
the same level ? Ans. SSft. 

17. Four men buy a grindstone 3 feet in diameter ; what 
length of radius shall each wear off successively so that each 
may wear off ^ of the stone ? 

18. On a plane which makes an angle of 30^ with the horizon, 
is a circle 300 feet in diameter. At the extremities of that 
diameter which extends frt)m the lowest to the highest point of 
the circle, stand two vertical towers, the lower one being 300 
feet and the upper one 250 feet talL At a point directly be* 

' tween the two, and ^ of the distance from the taller, stands a 
vertical column 10 feet in hight. What is the distance (1) from 
the top of this column to the top of each tower ? (2) from the 
top of the column to the bottom of each tower ? (3) from the 
top of one tower to the top of the other ? (4) from the top of 
each tower to the bottom of the other ? (5) from the top of each 
tower to the bottom of the column ? (G) between the two towers 
horizontally? Ans. to (3), 278.388ft.; to (6), 259.807ft. 

19. What would be the answer to these several questions if 
ihe towers and column stood on the horizontal diameter, the 
M^uma 100 feet from the taller tower ? 



i2^ 
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20. A young lady has a circular flower-plat, 1 4 feet in diame* 
ter. How many plants can be set upon it so that no two shaU 
6e within 10 inches of each other, and none within 4 inches of 
the circumference of the plat ; a plant to occupy only a mathe- 
matical point ? Ans. 241. 

~ 8UOOESTION8. 

The diameter is 14 
feet =168 inches long ; 
but, as no plant is to 
stand within 4 inches of 
the circumference, aft, 
the part upon which 
plants may stand, is 1 60 
inches long, and ac is 
80 inches. It is evi- 
dent that 17 plants may 
be set on a b, one beinff 
at the center. Now, if 
cvz is an equilateral 
triangle whose sides are 
10 inches each, then vx 
= 5 inches (330, 1), 
and c x = /^Ib ; hence, 
in the right-angled triangle cdx^ whose hypothenuse c^ is 80 
inches, dx can be found, from which dv and the number r^ 
plants on de can be found. Again, ctf = 2 X ex =: 2 X 
1^/75, and the square of cy = 4 times the square of ca: (330, 
7) = 4 X 75 = 300 ; .*. , in the right-angled triangle c/y, 
whose hypothenuse cf is 80 inches, we can find f^ and . . the 
number of plants on fg ; etc 

21. A certain rectangular field containing 60 acres has Ua 
length to its breadth as 3 to 2 ; what are its length and breadth ? 

Ans. 120 rods long and 80 rods wide. 

22. What is the mean proportional between 2 and 380 1 92 ? 

Ans. 872. 

23. A boy, standing directly under a kite, is 225 feet fi-om hid 
companion, who holds the lower end of the string and has le* 
out 375 feet ; what is the hight of the kite ? Ans. dOOft. 
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24* A ladder 25 feet long, set in a street, will reach a window 
24 feet high upon one side of the street, and, without moving 
the foot, it will reach a window 16 feet high on the other side ; 
whet is the width of the street ? Ans. 26.209ft. 

25. A certain rectangular box, which is 10 inches long, con* 
rains 4^0 solid inches, and the depth of the box is to its breadth 
as 4 to 3 , what is the distance from one upper comer to the 
diagonally opposite lower comer of the box ? 

Ans. V^OO == 141+in. 

26. A number of men having contracted a joint debt of 40i 
] 6s. 9d., it was found that its payment required just as many 
pence from each man as there were men in the company ; re- 
quired the number of men in the company ? Ans. 99. 

27. What is the cost of fencing a rectangular field of 25 acres 
whose width is f of its length, at 50cts. per rod ? 

Ans. $140. 

28. I have 1200 apple-trees, which I wish to set out in a 
rectangular orchard, so that the niunber of trees in a row shall 
be 3 times the number of rows ; the trees are to be 30 feet apart, 
and no tree is to stand within 10 feet of the fence. How large 
a field is required ? Ans. 24a. 39rd. 4yd. 6ft. 3 Gin. 

29. What is the side of a square equivalent; in area to a 
rectangular field, which is 121 rods long and 49 rods wide ? 

30. What will be the diflTerence in the expense of fencing a 
circular 10-acrc lot and one of the same area in a square form, 
the fence costing 50cts. per rod ? 

31. The acute angle at the base of a right-angled triangle is 
30®, and the hypothenuse is 60 inches ; how much less than 60 
inches is the base ? 

32. Suppose 6 gallons of water flow through a pipe 1 inch in 
diameter in 1 minute, how many gallons would How through a 
pipe 5 inches in diameter in 10 minutes, the streams moving 
with the same velocity ? 

33. I have a room whose length, breadth j:nd hight is, each, 
12 feet ; what is the distance from one lower corner, through th€ 
center, to the opposite upper comer ? 
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Fig. 1. 



^ 
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4 feet. 




^ 
^ 



Length. 



331. A Cube is a 
solid (Fig. 1.), bouuded 
by 6 equal square faces. 
Its contents are obtain- 
ed (77) by multiplying 
its length, breadth and 
hight together, or 
(since these 8 dimen- 
sions are equal), by cub- 
ing either of the edges ; 
conversely, if the con- 
tents are given, the 
length of one edge will 
be found by extracting 
the cube root of the 
number expressing the 
contents. 



33S. To EXTRACT THE CuBE RooT of a number is to f«- 
ioiioe it into 8 equal factors ; i, e, to find a nuinber whichy mttUi' 
plied into its square^ unU produce the given number. 



333. The cube of a number consists of three times as many 
figures as the root, or of 1 or 2 less than three times as many 
fSlO) ; conversely, there will be 1 figure in the root for each 
period of 8 figures in the cube, and an extra figure in the root 
if there are 1 or 2 figures over complete periods m the power ; 
hence, to determine the number of figures in the root, we point 
oflf the number into periods of 8 figures, by placing a dot over 
an its, thousands, etc 

Ex. 1 . Suppose we have 74088 blocks of wood, each a cubic 
inch in size and form, how lai^e a cubical pile can be formed by 
packing these blocks together ? 
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OPERATION. 



Trial divisor, 48 00^ 

240 
4 

True divisor, 5 4 4 



74088(42 
6j4 

10 8 8 Dividend. 
10088 





As there are two periods, the root must consist of two figures, 
tens and units ; and, since the cube of tens cannot consist of any 
figure of a lower order than thousands (311), we seek the cube 
of the tens in the left hand period ; the greatest cube in 74 is 
64, whose root is 4. We place the root, 4, at the right of the 
number, and, having subtracted the cube, 64, from the left hand 
period, we annex the next period to the remainder, 10, making 
10088 for a dividend. 



Fig. 2. 



Thus a cube is formed (Fig. 2.) whose edge ib 40 inches and 

whose contents are 64000 solid 
inches, and there are 10088 blocks 
remaining, with which to enlarge 
the cubic pile already formed. 

In enlarging this pile and pre- 
serving the cubic form, the addi- 
tions must be made upon each of 
the 6 faces, or, more conveniently, 
equally upon any 3 adjacent faces, 




e. g. a, b and c, as in Fig. 3. 



40 inch. 



What may be the tliickness of 
the addition? By dividing the 
contents of a rectangular solid by 
the area of one face we obfain the 
thickness (77, a) ; now, the re- 
maining 10088 solid inches are 
the contents, and the sum of the areas of the 3 square faces, «, b 
diul c, is sutficiently near the area to be covered by the additioug 
to form a trial divisor ; for the 3 additions, a, b and c (Fig. 3.), 
are the same as one solid 40 inches wide, 3 times 40 inches long 
And of the thickness determined by trial. The area of these 8 
^aces is the square of 4 (tens), which is 16 (hundred>), multiplicil 

20 



880 



EXTRACTIOK OF THB CUBE ROOT. 



bj 3, which gives 4800 ; L c, to obtain a trial divisor, we square 

the root-figure and an« 
Fig. 3. 



40 



nex 0.0 (because the 
root-figure is tens) for 
the area of one face, 
and then multiply this 
area by 3. Dividing 
10088 by 4800, we 
obtain the quotient 2. 
for the thickness of the 
additions^ i. e. for the 
unit figure of the root. 
Having made these ad- 
ditions, as in Fig. 3, 
we see that the pile 
does not retain the 
cubic form, three cor- 
ners, m, m and m, being 
vacant. Each of these 
comers is 40 inches 
long, 2 inches wide and 2 inches thick ; i. e. the area covered to 
the depth of two inches by filling the vacant corners in Fig. 3, 
•8 seen in Fig. 4, is 2 X 40 X 3 = 240 square inches ; and 
•till there is a vacant comer, n, n, n, (Fig. 4.) which is a cuIm 
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2>r 2 inches on each edge ; L e. it is a solid 2 inches thick, (the 
vommon thickness of all the additions,) ooveiing 2X2 = ^ 
square inches, as seen in Fig. 5. 



Fio. 5. 



40 



2 




Now, if the several additions made in Figs. 8, 4 and 5, be 
spread out upon a plane, as in 

Fig. 6, 

rU'ZITI / A / A /0=A 



& 



at, is a consolidated form, as in 

Fio. 7, 



z 



z 



/ // A 
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It will be readily seen that their collective eolidity will Im 
obtained by multiplying the entire area which they cover, 
(40X40X3 + 40X2X3 + 2X2 = 5044 square 
inches,) by their common thickness, 2, which will give 10088 
solid inches ; .*. a cube is formed, (Fig. 5.) whose edge is 40 + 2 
= 42 inches, and no blocks reinain. 

334r« ^ there are more than two figures in the root, the 
9ame relations subsist, and the same reasoning applies. Henoo, 

To extract the Cube Boot of a Number, 

Rule. — 1. Separate the number into periods of three figures 
each hy setting a dot over units, thousands, etc. 

2. Find hy trial the greatest cube in the left-hand period, place 
its root as in square root, subtract the cube from the left-hand 
period and to the remainder annex the next period for a 
dividend, 

8. Square the root figure, annex two dphert and wvMply thu 
result hy 3 for a trial divisor; divide the dividend hy the 
trial divisor and set the quotient as the next figure of the root. 

4. Multiply this root figure hy the part of the root previously 
obtained, annex one cipher and multiply this result hy 3 ; add the 
last product and the square of the last root figure to the trial 
divisor, and the sum will be the true divisor. 

5. Multiply the true divisor hy the last root figure, subtract the 
product from the dividend and to the remainder annex the next 
period for a new dividend. 

6. Find a new trial divisor, and proceed a* before until all tht 
periods have been employed. 

Note. — The notes in Art. 327, with slight modifications, are eqnally 
If plicable here. 



Proof. — Add the several parts ; or, cube the root, 
2nd, if the result is like the given power, the work it probab^ 
right. 



KXTBACTIOH OF THE CUBE BOOT. 



288 



fix. 2. What is the cabe root of 21024576 ? 

21024576(276, Ana. 

1st Trial Divisor = 20« X 8 i= 1200| 8 

20 X 7 X 8 = 420 

7» = 49 — 



1st True Divisor = 1669 

2d Trial Divisor = 270^ X 8 = 218700 

270 X 6 X 8 = 4860 
6«= 36 



2d True Divisor = 223596 



13024 1st Dividend 
11688 



1841576 2d Dividend. 
1841576 







The 1st trial divisor is oontained 10 times in the dividend, yet 
the root figure is only 7. The true root figure can never exceed 
9, and mutt in aU cases he found hy tried. 

Squaring 20 gives the same result as squaring 2 and annexing 
00, as directed in the rule, 3d paragraph. 

8. What is the cube root of 67917812 ? 



480000 

9600 

64 

489664 



67917812(408, Ans. 
64 



8917312 
8917312 





In this example, the 1st trial divisor, 4800, is larger than the 
1st dividend, 3917 ; .•. \re annex to the root, 00 to the 1st trial 
divisor for the 2d trial divisor, and bring down the next period 
U) complete a new dividend. The rule, followed literally, will 
give the same result. 

4. What is the cube root of 491916472984 ? Ans. 7894. 
6 What is the cube root of 27054036008 ? Ans. 3002. 

20* 
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6. What is the cube root of 2803221 ? Ans. 141, 

7. What is the cube root of 1860867 ? Ans. 123. 
. 8. What is the cube root of 95256152263 ? Ans. 4567. 

9. What is the cube root of 3176523 ? 

10. What is the cube root of 8024024008 ? 

11. What is the cube root of 36926037 ? 

12. Wliat is the cube root of 10941048 ? 

13. What is the cube root of 382657176 ? 

14. What is the cube root of 75084686279296875 ? 

Ans. 421875. 

15. What is the cube root of 2 ? Ans. 1.2599+ 

2 ( 1.2 5 
Ist Trial Divisor = 3 1 

60 

4 

1st True Divisor = 364 

2d Trial Divisor = 43200 

1800 
2^ 

2d True Divisor = 45025 272000 2d Dividend. 

225125 

46875000 3d Dividend 

Having obtained 1 for the fir.st figure of the root, there is a 
remainder of 1, to which we annex a period of ciphers and 
proceed according to the rule. 

The remaining figures of the root will be decimals ; and, tA 
in the Square Root, (328, Ex. 21.) so here, and for like reaso^iii 
there will always he a remainder, 

16. What is the cube root of 8 ? 

17. What is the cube root of 4 ? 

18. What is the cube root of 7 ? 

19. What b the cube root of 14 ? 

20. Wliat is the cube root of 19 ? 
^. What is the cube root of 28 ? 



10 00 Ist Dividend. 
728 
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23 What is the cabe root of 3746.8792 ? 

8746.879200(15^3+, Ana. 

Ist Trial Divisor = 300 

150 
25 



Ist True Divisor = 475 

2d Trial Divisor = 67500 

2250 
25 



2746 Ist Dividend. 

2375 



2d True Divisor = 69775 
8d Trial Divisor = 7207500 

13950 
9 

3d Trae Divisor = 7221459 



371879 2d Dividend. 
348875 



23004200 3d Dividend. 
21664877 

1339823 4th Dividend. 



In this example, the right-hand period was incomplete, and 
therefore it is completed bj annexing two ciphers, llie princi- 
0\e is the same as in Square Boot (828, Ex. 19). 

23. What is the cube root of 56.98742357 ? 

24. V84.604519 = how many? Ans. 4.89 

25. What is the cube root of 73426.8741 ? Ans. 

26. What is the cube root of 74.088 ? 

27. What is the cube root of ^^ ? 

28. What is the cube root of Hf H ? Ans. f|, 
29 What is the cube root of ^ ? 

Vi = V-2 = .58+, Ans. 

When the exact root of a vulgar fraction cannot be extracted, 
(t may be expedient first to reduce it to a decimal fraction, and 
then take the root. 

80. What is the cube root of f| ? 
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81 ' What is the cube root of 3| ? 

V3 8 = V¥ = I = 1 i, Ana. 



32. What 

33. What 

34. What 

35. Wliat 

36. What 

37. What 



s the cube root of 4 J^ ? 
s the cube root of 5^^ ? 
s the cube root of 5687943 ? 
s the cube root of 405.224 ? 
s the cube root of 4.68759 ? 
s the cube root of j^(f^^ ? 



336* Application of the Cubb Root. 

1. Solids which are of the same form and have their like lines 
proportional are similar ; thus, if one of two rectangular solids 
has its length 4 feet, its breadth 2 feet and its thickness 1 foot, 
and the other solid has its length 12 feet, its breadth 6 feet and 
its thickness 3 feet, those two solids are similar. 

2. The like lines or parts of two similar solids or figures are 
called homologous lines or parts. 

3. By Geometry it is easily proved that the solidities, L e., 
the solid contents of all similar solids are to each other as the 
cubes of their homologous lines; thus, the solidities of two 
spheres are to each other as the cubes of their radii, as the cubes 
of their diameters, or as the cubes of their circumferences, etc, 
etc ; the solidities of cubes are to each other as the cubes of 
their edges ; etc, etc. 

Ex. 1. IIow many lead balls ^ of an inch in diameter will be 
required to make a ball 1 inch in diameter ? Ans. 64. 

2. If a man dig a cubical cellar whose edge is 5 feet in one 
day, how long will it take him to dig a similar cellar whose edge 
is 25 feet ? Ans. 125 days. 

3. Suppose the diameter of the sun is 886144 miles and that 
cf the earth 7912 miles, how many bodies like the earth will 
make one as large as the sun? Ans. 1404928* 

4. If an iron ball 5 inches in diameter weighs 161b., what If 
the weight of an iron ball 20 inches in diameter ? 

Ans. 10241b. 
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5. If a globe of gold 1 inch in diameter ia worth $100, what 
is the diameter of a globe worth S2700 ? Ans. 3 inches. 

6. A, B, C and D own a conical sugar loaf which is 16 inches 
high and weighs 161b. ; what part of the hight shall each take 
off in the order A, B, C and D, so that each shall take 41b. ? 

Ans. A, 10.079 in. ; B, 2.620in. ; C, 1.837in. ; D, 1.464in. 

7. A half-peck measi re is 9^ inches in diameter and 4 inches 
deep ; what are the dimensions of a similar measure that will 
hold a bushel ? Ans. 18^ by 8 inches. 

8. A rectangular bin, containing 327680 cubic inches, has its 
width, hight and length in the ratio of 1, 2 and 5 ; what are its 
dimensions? Ans. 32in. wide; 64in. high; 160in. long. 

9. What is the edge of a cubical box whose solidity is equal 
to that of a bin whose length, breadth and hight are respec- 
tively 144, 36 and 9 inches? Ans. 36 inches. 

10. Suppose 1000 bodies like the earth are required to make 
1 like Saturn and that the diameter of Saturn is 79000 mUes ; 
what is the diameter of the earth ? Ans. 7900 miles. 

11. Four spheres have their .solidities to each other in the 
ratio of the numbers 1, 2, 3 and 4 ; the diameter of the largest 
sphere is 5 inches. What is the radius of the smallest and what 
tihe successive increase of the radii of the 2d^ 3d and 4th? 



I 40. TO EXTRACT A ROOT OF ANY DEGREE. 

337* Rttle. — 1. Paint off' the ffiven number into periods of 
*i many fibres ecLch as there are units in the index of the re- 
quired rooty hy placing a dot over units, etc, 

2. Find by trial, or by the table of powers (812), the greatest 
power of the same ncane as the root in the left hand period^ and 
place its root as the first figure of the required root. 



238 TO EXTKACT A BOOT OF ANT DEGREE. 

8. Subtract the power from the first period and to the remain^ 
der annex the first figure of the next period^ for a diw'dencL 

4. For a trial divisor^ involve the part of the root tUreadff 
found to a power whose index is one less than that of the required 
root and multiply this power hy the index of the root. 

5. Divide^ and the quotient vnU be the second figure of the 
root or something greater. 

6. Involve the part of the root founds to a power of the same 
name as the root, subtract the power from the first two periods^ 
and to the remainder annex the first figure of the next period, for 
a new dividend. 

7. Find a new trial divisor and proceed in a similar manner 
until the entire root is obtained. 

NoTB 1. — The left hand period maj be incomplete. If, in pointing ■ 
decimal, the right hand period is incomplete, annex one or more ciphers. 

Note 2. — Sections 4 and 5 of the role aid in finding the saccessiT6 root 
figores ; still each must be found by trial. 

NoTB 3. — The last involution in solving a question is, at the same timd, 
a proof of the work. 

NoTB 4. — This rule is founded in Algebra, and cannot be easily «a 
plained to pupils unacquainted with that science. 

Ex. 1. What is the 4th root of 890625 ? 

890625 ( 25, Ana. 
2\= 16 

Trial Divisor 2« X 4 = 32 ) 230 DividencL 

25* = 390625 Subtrahends 



2. What is the 5th root of 1282888557824 ? 

1 282388557824 ( 264, Ana. 
2» = 32 

1 St Trial Divisor= 2* x 5 = 80 ) 962, Ist D ividend. 

26» = 11881376, 2d Subtrahend. 

lldTrialDiv.=26* X 5 = 228488 0) 9425095, 2d Dividend. 

264* = 1 282388557824, 3d Subtrahend 
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S. What is the 11th root of 131621703842267136 ? 

Ans. 86. 

4. What is the 7th root of 26574849957103488 ? 

Ans. 228. 

5. What is the 4th root of 3808955502493696 ? 

Ans. 7856. 
e. What is the 8th root of 23045377697175681 ? 

Ans. 111. 

7. What is the 6th root of 2332172046804993108810000001 

Ans. 24810. 

Note 5. — Such roots as the 4th| 6th, etc., i. e., those roots whose indioei 
Are composite numbers may be more easily found by taking a root of a root ; 

thus, the *^625 = \/-v/625 = ^/25 a 5. Again, the '^64 « »\/v^64 — 

'^8 — 2; or thus,>V^»\/'^^»^/4»2; but roots whofle exponcnti 
are prime numbers, as the 5th, 7th, 11th, etc., cannot be extracted in thi* 
vrar. 
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338« Any series of numbers increasing or decreasing by a 
common difference is said to be in Arithmetical Progres- 
AION; thus, 

2, 5, 8, 11, etc, is an ascending series, and 
30, 25, 20, 15, etc., is a descending series. 

339* The several numbers forming a series are called terms 
the first and last terms, extremes ; the others, means. The dif 
ference between any two successive terms is the common differ^ 
ence. 

340. In Arithmetical Progression, Jive particulars daim 
special attention : — 
1st. The first term. 
Sd. The last term. ' 
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8<L The common difference. 
4tli. The number of terms. 
5th. The sum of all the terms. 

341*' These particulaxs are so related to each other that if 
inj three of them are given the other two can be found. 

343« Twenty cases may arise in Arithmetical Progression, 
but it will be sufficient to notice a few of the more important 
ones. 

34:3. In an ascending series, let 3 be the first term and 4 
Uie common difference ; 

Then, 3 = 1st term. 

3 + 4 = 7 = 2d term. 

3 + 4-f4 = 3-f2x4z=ll=3d term 

3-f4 + 4 + 4 = 3-f3x4=15 = 4th term. 

a-|-4-|-44-4-f4 = 8-f^X4 = 19 = 5th term. 

8-j.44-4r4-4+^4-4 = 3 + 5x 4 = 23 = 6th term. 

etc. etc 

Again, in a descending series, let SO be the first term and 8 
Hie common difference ; 

Then, * 30 = 1st term. 

80 — 8 = 27 = 2d term. 

80 — 8 — 3 = 80 — 2x3 = 24 = 3d term. 

80 — 3 — 3 — 3 = 30 — 3 X 3 = 21 = 4th term. 

80 — 3 — 3 — 3 — 3 = 30 — 4x3 = 18 = 5th term. 

etc etc 

Thus we see that, in an ascending series, the second term is 
found by adding the common difference once to the first term ; 
the third term, by adding the common difference tunce to the 
first term ; and, generally, any term is found by adding the com- 
mon difference as many times to the first term as there are temn 
preceding the one sought. 

A similar explanation may be given when the Kjries i* 
descending. Hence, 
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31 4-* Prob. 1. — ^The first term, common difference and 
aumber of terms being given, to find the last or any other desig* 
nated term. 

RuLK. — MiiUiply the common difference hy the numher of 
terms preceding the required term ; add the product to the first 
term if the series is ascending^ or subtract the product from the 
first term if the series is descending^ and the sum or difference 
will be €he term sought, 

Ex. 1. If the first term of an ascending series is 6, the com 
mon difference 3 and the number of terms 10, what is the last 
term •' 6 + 9 X 8 = 33, Ans. 

2. 'fhe first term of a descending series is 75 and the common 
diffensnce 4 ; what is the 16th term ? 

75 — 15 X 4 = 15, Ans. 

3. The first term of an ascending series is 2 and the conmioQ 
difference is 5 ; what is the 21st term ? Ans. 102. 

4. The 1st term of a descending series is 500 and the conmioo 
difference is 10 ; what is the 46th term? Ans. 50. 

5. A triangular orchard has 3 trees in the first row, 5 in the 
second, 7 in the third, and so on in arithmetical progression ; 
how many trees were there in the 15th row ? how many in the 
50th? 

6. What will be the amount of $100 at simple interest for 80 
years ai 6 per cent, per annum ? Ans. $280. 

7. If a man on a journey travel 3^ miles on the first day, 
6 miles the second day, and so on in arithmetical progression^ 
how iiar will he travel on the 20th day ? Ans. 51 miles. 

8. A boy bought 20 doves, paying 1 cent for the 1st, 3 cents 
Cor tne 2d, and so on ; what did he pay for the 20th ? 

Ans. 39 cents. 

.S4S« By inspecting the formation of the series in Art 343, 
t, will be seen that the difference between the extremes is equal to 
Ue common difference multiplied by 1 less than the numher of 
; 0. g. the difference beween the 1st and 6th terms in tba 

21 
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Ist series, Art. 343 (23 — 3 = 20), is the sum of 5 equal addi- 
tions ; .*. this difference, divided by 5 (20 -i- 5 = 4), will givt 
one of those additions; i. e. the common difference. Hence, 

346« Pros. 2. — The extremes and number of terms beinp 
given, to 6nd the common difference, 

'RuL,vi,-^IXvide the difference of the extremes ly the numbn 
of terms less one, and the quotient wiU he the common difference* 

Ex. 1. The extremes of an arithmetical series are 5 and 47, 
and the number of terms is 7 ; what is the commcm difference ? 

47 — 5 = 42, and 42 4- 6 = 7, Ans. 

2. The extremes are 27 and 148 and the number of terms ii 
12 : what is the common difference 2 Ans. 11. 

3. The amount of $1 at simple interest for 25 years is $2.50 \ 
what is the rate per cent. ? Ans. 6. 

4. A man has 12 sons whose ages form an arithmetical series 
the youngest is 1 year old and the oldest 34 ; what is the differ- 
ence of their ages ? Ans. 3 year«. 

5. A body falling from rest in a vacuum descends 16^^ fbet 
in the first second of time and 241 1^ feet in the 8th second; the 
excrements of velocity in successive seconds being equal, what ia 
\h<i increment in one second ? Ans. 32^ feeL 

(a) This rule enables us to find any number of arithmetical 
means between two given quantities ; for the number of terms 
in- a series is two greater than the number of means ; hence the 
common difference may be found and then the series is formed 
by adding the common difference once, twice, etc, to the Isi 
term. 

Ex. 6. Find 6 arithmetical means between 3 and 88. 
88 — 8 = 35 and 35 -J- 7 = 5, the common difference. 

Ans. 8, 13, 18, 23, 28, 33. 
7. Find 4 means between 2 and 37. Ans. 9, 16, 28, 80. 
% Find 7 means between 1 and 17. 

Ans.8, 5,7, 9, 11, 18, 15 
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9. Find 5 means between 27 and d. 

Ans. 28, 19, 15, 11, 7. 

(b) If the same number of means be found between the suo 
eessive terms of an arithmetical series, these means, together 
with the terms of the original series, will constitute a new aritli- 
metical series. 

Ex. 10. If 2 means be found between the successive terms of 
the series 1, 7, 13, 19, what will be the new series thus foimed? 

7 — 1 = 6 and 6-4- 3 = 2; .-., 

Ans. 1, 3, 5, 7, 9, 11, 13, 15, 17, 19. 
11. Form an arithmetical series bj inserting 3 means between 
the successive terms of the series, 2, 18, 34. 

Ans. 2, 6, 10, 14, 18, 22, 26, 30, 34. 
. 12. Form a series by inserting 4 means between the succes- 
sive ♦^rms of the series 47, 32, 17, 2. 
Ans. 47, 44, 41, 38, 35, 32, 29, 26, 23, 20, 17. 14, 11, 8, 5, 2. 

347« — ^Again, it will be seen by inspecting Art 343, that (he 
diffei'cnce of the extremes is the sum of the quantities added to 
or subtracted from the first term to obtain the last ; and, as these 
quantities are equal, if their sum be divided by one of them, the 
quotient must be their number ; i. e. the quotient wiU he one less 
than the number of terms ; e. g. the difference between the 1st 
and 6ih terms in the first series. Art 343 (23 — 3 = 20), it the 
sum of a certain number of times 4 ; .*. this difference, diviied 
by 4 (20 -;- 4 = 5), will give the number of additions ; L e (^ 
numl^er of terms less one. Hence, 

318* Prob. 3. — ^The extremes and common diffej^noe 
being given to find the number of terms, 

BiiXE. — Divide the difference of the extremes ly the c<immom 
differences cM 1 to the quotient and the sum will he the namher 
of terms, 

Ex. 1. The extremes of an arithmetical series are 6 And 8* 
Aod the common difference is 4 ; what is the number of ttrin« ? 
38 — 6 = 32 ; 32 -^ 4 = 8 ; and 8 f 1 = 9, Ans. 
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2. The extremes of a series are 7 and 87 ; the common dif* 

ferenee is 8. What is the number of terms ? Ans. 11. 

8. The ages of the scholars in a certain school are in arith- 
metical progression, the common difference of the series being 2 
years ; now, the youngest scholar is 5 years old and the oldest 
36. What is the number of scholars ? Ans. 16. 

4. The extremes of a series being 8 and 29, and the conmion 
difference 4^, what is the number of terms ? Ans. 6. 

5. A stone falling, descends 16^ feet in the 1st second and 
809^ feet in the last second ; the increments of velocity pef 
second being 32^ feet, how many seconds does it fall ? 

Ans. 7. 

340« In an ascending series the second term is as much 
greater than the first as the last but one is less than the last; the 
third is as much greater than the first as the last but two is less 
than the last ; etc. ; .*. the sum of the extremes is equal to the 
sum of any other two terms which are equally distant fix>m the 
extremes ; thus, in the series 1, 4, 7, 10, 13, 16, consisting of 6 
terms, we have 

lst+ 6th = 2d+ 5th = 3d+. 4th 

1 4-16 =4 +A3 =7+10 = 17; 
and .*. the sum of all the terms is 17 X 3 = 51. 

Again, if the series consists of an odd number of termsy saj 7 s 
e. g. 2, 7, 12, 17, 22, 27, 32, then, 

lst+ 7th = 2d+ 6th = 3d + 5th 

2 +32 =7 +27 =12 +22 = 34, 

and there will be left the middle term, 17 = ^ of 34 : i. e. the 
sum of the series is equal to 3^ times 34 or 7 times ^ of 34 =5 
119. In a descending series, the reasoning is entirely similar 
Hence, 

390« Prob. 4. — ^The extremes and number of terms being 
given to find the sum of the series, 

RrxE 1. — Multtpbf the mm of the extremes hy half the numbn 
9ft€rm$; or. 
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BuLE 2d — Mtdtiply half the mm of the extreme* hy the numbtr 
•ftetTHs and the product will be the sum of the series, 

NoTB. — One or the other of these roles can always be applied without 
tntroJuLing fractions into the calculations. 

Ex. 1. The extremes of a series are 3 and 23 and the number 
of terms is 6 ; what is the sum of the series ? 

3 + 23 = 26 ; 6 -s- 2 = 3 ; and 26 X 3 = 78, Ans. 

2. The extremes of a series are 5 and 47 and the number of 
terms is 15 ; what is the sum of the series ? 

6 -f 47 = 52; 52 -^ 2 == 26; and 26 X 15 = 390, Ans. 

3. The extremes of a series are 2 and 92 and the number of 
terms is 10 ; what is the sum of the series ? Ans. 470. 

4. The extremes of a series are 4 and 28 and the number of 
terms is 9 ; what is the sum of the series ? Ans. 144. 

5. The clocks of Venice strike from 1 to 24; how manj 
strokes in 24 hours ? Ans. 300. 

6. How many strokes from a common clock in 24 hours ? 

7. Suppose a number of apples are placed in a straight line at 
the distance of one rod from each other for 10 miles, and that a 
basket is placed in the same line one rod from the first and 
nearest apple ; how far must a person travel who goes from the 
basket to each apple separately and, returning, deposits it in the 
basket ? Ans. 32030 miles and 2 rods. 

8. The same conditions continuing as in the last example, 
except that the basket be 3 rods from the first apple, what dis- 
tance must be traveled ? Ans. 32070 miles and B rods. 

9. Bj the laws of falling bodies, the distances which thej faU 
in successive seconds of time constitute an arithmetics^ series, 
16^ feet in the 1st second, and 144| feet in the 5 th 8/v*ond ; 
how far will a bodj fall in 5 seconds ? Ans. 402 j^ feet. 

SStm Prob. 5. — The first term, common difierence, an J 
number of terms b«>ing given to find the sum of the series. 

Rule. — Find the last term hy Prob. 1, and the sum q thd 

ieries by Prob* 4. 

21* 



i 
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Ex. 1. The first term of an arithmetical series is 3, the com 
mon difierence 4, and the number of terms 11 ; what is the sum 
of the series ?_ 

4 X 10 = 40 ; 40 + 3 = 43, the last term. 

3_|. 43 = 46; 46-5-2 = 23; and 23 X 11 = 253, Ans. 

2. The first term is 5, common difierence 8, and number of 
terms 21 ; what is the sum of the series ? Ans. 1785. 

3. The first term is 1^, common difierence ^, and number of 
terms 41 ; what is the sum of the series ? Ans. 471^. 

4. A falling body descends 16^ feet in the first second of 
time, and in successive seconds of time the increments of velocity 
are 32^ feet; how far will a body fall in 6 seconds ? 

Ans. 579 feet. 

393* Since the sum of a series is found by multiplying the 
sum of the extremes by half the number of terms (350), so. con- 
versely, if the sum of a series be divided by half the number of 
terms, the quotient must be the sum of the extremes^ from which, if 
either extreme be subtracted, the remainder will be the other 
extreme. Hence, 

3tS3« Prob. 6.-^The sum of the series, the number of 
\erms, and either extreme being given, to find the other extreme. 

Rule. — Divide the sum of the series by half the number of 
ierms ; from the quotient svhtract the given extreme^ and the re- 
mainder will be the other extreme. 

Ex. 1. The siun of an arithmetical series is 57, the number 
of terms 6, and the least term 2 ; what is the greatest term ? 
6-^2 = 3; 57-^3=19; and 19 — 2 = 17, Ans. 

2. The sum of a series is 196, number of terms 7, and least 
term 7 ; what is the greatest term ? Ans. 49. 

8. The sum of a series is 352, number of terms 11, and great- 
est term 57 ; what is the least term ? Ans. 7. 

4. A falling body descends 1029^ feet in 8 seconds, in the 8*1} 
second it falls 241^ ; how &r does it fidl in the Ist second? 

Ans. 16^ feet 
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5. A gentlemaD owing 10 creditors $200, paid the Ist $2, 
and the others in arithmetical progression ; what did he pay the 
last? Ans.$38. 



§42. GEOMETRICAL PROGRESSION. 

3S4« Anj series of numbers increaxing hy a common muUu 
flier or decreasing hy a common divisor, is said to be in Gs- 

OMETBICAL PROGRESSION ; thuS, 

2, 6, 18, 54, etc, is an ascending series, and 
64, 32, 16, 8, etc, is a descending series. 

9SSm Here, as in Arithmetical Progression, the numbers 
forming the series are called terms ; the first and last, extremes ; 
the others, means. 

The constant multiplier or divisor is the ratio. The ratio may^ 
in every series, be considered a multiplier, integral when the 
series is ascending and fractional when it is descending ; thus, in 
the 2d series above, the ratio is 2 if considered as a divisor, and 
^, as a midtiplier, 

3S^, Here, also, five particulars claim our attention : 
1st. The first term. 
2d. The last term. , 

8d. The ratio. 
4th. The number of terms. 
5th. The sum of all the terms. 

397. Any three of these five particulars being given, IJiq 
ither two may be found. 

3tS8» Twenty cases may arise, but the investigation of sev- 
eral of them requires a knowledge of logarithms and the highei 
Algebraic equations, and, of the remaining cases, it will be su^ 
fident for our purpose to present a few. 



248 GEOMBTBIOAL PBOGRESSIOlf. 

3tSO. In an ascending series, let 3 be the first term, and 4 
Ihe ratio ; 

Then, 8 = 1st term. 

3X4= 12 = 2d term. 

3X4X4 = 3X4*= 48 = 3d term. 

3X4X4X4 = 3X43= 192 = 4thterm. 

3X4X4X4X4 = 3X4*= 768 = 5thterm. 

8X4X4X4X4X4 = 3 X 4* = 3072 = 6th term. 

etc etc. 

Again, in a descending series, let 243 be the first term and | 
the ratio ; ; 

Then, 243 = Ist term. 

243 X J = 81 = 2d term. 

243XiXj = 243xa)»= 27 = 3d term. 

243XiXiXi = 243X (i)»= 9 = 4thterm. 

243xiXiXiX i = 243 X (i)^= 3 = 5th term. 

etc etc 

In forming the above series we see that the second juo^m is 
found by multiplying the^r*^ term by the ratio ; the third teim, 
by multiplying ihe first by the sqtuire of the ratio ; the fourth, by 
multiplying the first by the cube of the ratio, and so on — tia 
index of the power of the ratio always being one les9 than tie 
number of the term sought. Hence, 

360. Prob. 1. — The first term, ratio and number of terms 
being given, to find the last or any other assigned term. 

Rule. — Multiply the first term by that power of ihe ratio 
whose index is equal to the number of terms preceding the reqwr- 
ed term, and the product wiU be the term sought. 

Ex. 1. The first term of a geometrical series is 7, the ratii 3 
and the number of terms 5 ; what is the last term t 

5 — 1 = 4; 3* = 81; and 81 X 7 = 567, Ana. 

2. The first term of a («eries is 3, and the ratio 2 ; what b tiiB 
ninth term? 

9 — 1 = 8; 2» = 256; and 256 X 3 = 768, Ana. 
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S. The first term is 64, and the latio ^ ; what is the tenth 
Cerm ? Ans. ^. 

4. A boy bought 17 oranges, agreeing to paj 1 mill for the 
Ist, 2 mills for the 2d, and so on in geometrical progression; 
what was the cost of the 17th orange? Ans. $65,536. . 

5. What is the amount of $1 at compound interest for 6 years 
at 6 per cent, per annum? Ans. 11.418519112256. 

NoTB.— In Ex. 5, the Ut term \a $\, the ratio is 1.06, and the nomber 
of temu 7. 

6. Suppose Gen. Washington had put $100 to interest, Dec. 
81, 1780, what, in justice, would be due his heirs, Dec. 31, 1900, 
allowing it to double every 12 years? Ans. $102400. 

7. The estimated value of the estate of the Rosthchilds is now 
(1855) $40000000 ; what will be its value in 1975, allowmg it 
to double once in 12 years ? Ans. $40960000QOO. 

8. Suppose a farmer to plant 1 kernel of com and to harvest 
1000 kernels, and suppose him to plant his entire crop from year 
to year and to harvest in the same ratio, what will be the value 
of his 10th year's crop if 1000 kernels make 1 pint, and he sella 
his com at $1.12^ per bushel ? 

Ans. $l7^578J25g00p00p00fi00p0Q000. 

361* Since the last term is obtained (360) by multiplying 
the first term by that power of the ratio whose index is equal to 
the number of terms less one, so, conversely, 

Prob. 2. — The extremes and number of terms being given, 
to find the ratio. 

Rule. — Divide the last term hy the firsts and the quotietU 
wiU he that power of the ratio whose index is one less than the 
number* of terms ; the corresponding root of the quotient wiQ 
therefore be the ratio. 

Ex. 1. The first term in a geometrical series is 3, the last 
term 192 and the number of terms 4 ; what is the ratio ? 

192 ^ 3 = 64 ; 4 — 1 = 3 ; and 3-v/64 = 4, Ans. 
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2. The first term is 160, the last term 5, and the number ol 
terms 6 ; what is the ratio ? 

5 -i- 160 = ,»y ; 6 — 1.= 5 ; and VsHf = h Ans. 

3. The extremes are 2 and 486, and the number of terms 6 
what is the ratio ? Amu 3 or ^. 

(a) This rule enables us to find any number of i^metrica] 
means between two given numbers ; for the number of terms in 
a series is two greater than the number of means : hence the 
ratio maj be found, and then the series is formed bj multiplying 
the first term by the rcUto, by its square jits cube, etc. 

4. Find 3 geometrical means between 2 and 512. 

512 -1- 2 = 256 ; V256 = V',^7256 = ^16 = 4, raUo; a 
8, 32, 128 are the means, and 2, 8, 32, 128, 256 = the series. 

5. Find the series formed by 1 and 256, and 7 geometrical 
means. Ans. 1, 2, 4, 8, 16, 32, 64. 128, 256. 

(b) If the same number of means be found betw**.en the sue* 
oessive terms of a geometrical series, these means, together wit^ 
the terms of the original series, wiU form a new geometrical 
series. 

6. If 3 means be found between the successive lArms of the 
series 3, 768, 196608, what will be the new series thus formed i 

Ans. 3, 12, 48, 192, 768, 3072, 12288, 49152. 196608. 

7. Form a new series by inserting 2 means between the sao 
oessive terms of the series 128, 16, 2, \, ^. 

Ans. 128, 64, 32, 16, 8, 4, 2, 1, J, J, i, ^, ^. 

363* Having a geometrical series given, e. g. 3, 12, 48, 192 
768, 3072, 12288, can we devise any short method for ascer- 
taining the sum of all the terms ? 

Let us multiply each term except the last by the ratio, 4 ; thufli 

3, 12, 48, 192, 768, 3072, [12288], the given seriea 
Prod, by 4, 12,48,192,768,3072, 12288; 

and we sbaU evidently form a new series like the old, except the 
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drst temp f the old is not found in the new. Now, if the old 
scries exctrpt the last term be subtracted from the neWy the 
remainder wiU he the difference of the extremes in the eld series^ 
the other terms in the two series canceling each other; the 
remainder will also be 3 times the sum of all the terms except 
the last m the old series ; for once a series from 4 times a series 
must lea\ ") 3 times the series ; .*. ^ of this remainder plus the 
last term must be the sum of aU the terms in the old series / but 
3 is the ratio less 1. 
A similar explanation is always applicable. Hence, 

363. Prob. 3. — The extremes and ratio being given, to 
find the sum of the series, 

Rule. — Divide the difference of the extremes by the ratio 
less 1, and to the quotient add the greater extreme. 

Ex. 1 The extremes are 2 and 20000, and the ratio 10 ; what 
is the sum of the series ? 

20000 — 2 = 19998; 10 — 1 = 9; 19998 H- 9 = 2222 ; and 
2222 + 20000 = 22222, Ans. 

2. The extremes are 7 and 45927, and the ratio 3 ; what is 
the sum of the series ? Ans. 68887. 

3. The extremes of a series are 5 and 5120, and the ratio 4 ; 
what is the sum ? Ans. 6825. 

364:« Prob. 4. — The first term, ratio and number of terms 
being given, to find the sum of the series. 

Rule. — Find the last term by Prob. 1, and the sum of the 
wries by Prob. 3. 

Ex. 1. The first term is 5, the ratio 3 and the number of 
terms 9 ; what is the sum of the series ? 

3« X 5 = 32805, last term; (32805 — 5) -i- 2 = 16400, 
rifference of extremes divided by the ratio less one ; 16400 -|- 
52805 = 49205, sum of the series. 

2. The first term is 7, ratio 6 and the number of terms 13 ; 
tiiat is the sum of the series ? Ans. 18284971621. 
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3. A lady being married on the first day of January, h* ' 
fadier gave her $1, promising to give her $10 on the fiist oL' 
February, and so on in geometrical series on the first of th<^ 
remaining months of the year; to what sum did her dowry 
amount? Ans. $111111111111. 

4. Had the ratio been 5 instead of 10 in the above example, 
what would have been the lady's dowry ? Ans. $61035156. 



§43. ANNUITIES. 

SOti. An Annuity is, properly, a sum of money payable 
anntudfy ; but the term is also applied to sums payable monthhfj 
quarterly, semi-annuaUyy bienntalfy, or at any regular intervali. 

Rents, salaries, pensions, etc., are annuities. 

SMG. An annuity payable at a definite number of times is 
called a certain annuity ; if payable periodically for an indefinite 
time, e. g. during the life of an individual, it is a contingent or 
life annuity ; if payable at regular intervals forever, e. g. the 
interest of a school fund, it is a perpetual annuity or a perpetuity* 

307. An annuity already commenced, or to commence im- 
mediately, is said to be in possession ; if not to commence until 
a definite time has elapsed, or until the occurrence of a speci- 
fied event, it is in reversion ; if not paid when it becomes due, it 
is in arrears. 

368. The amount of an annuity in arrears is the sum of all 

the installments which are due and unpaid, together with all the 
interest which has arisen on such installments. 

360. The right to some species of annuities may be bought ; 
[n such cases, the purchase money is the present worth of the 
tnnuity. 

370« The amount of annuities in arrears, at simple and at 
eompoimd interest, may be found in various ways. 
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371. Pbob. 1. — To find the amount of an annuit j at simpie 
mterest, 

Ex. 1. What is the amount of an annuity oi 1^100 per year in 
arrears for 4 years, on simple interest at 6 per cent, per annum 7 

1st Method. — ^The 4th instaUmenu becoming due to-daj, is 
worth just $100 ; the 3d instaUment, having been due 1 jear, 
amounts to f 106 ; so tlie 2d and 1st installments, having been 
due 2 and 3 years, respectively, amount to SI 12 and $118 ; .% 
$100 -f- $106 -f- $112 -^ $118 = $436, the sum sought; but 
these numbers constitute an arithmetical series, of which the first 
term is the annuity, the common difference is the interest of the 
annuity at the given per cent, for the time between two succes- 
sive payments, and the number of terms is the number of pay- 
ments ; .*. we find the amount of the annuity by the rule in Art. 
?51. 

2d Method. — ^As the several installments are on interest &r 
1, 2 and 3 years, it is plain that the entire interest is equal to the 
interest of $100 for 1 year multiplied by (1 -(- 2 -(- 3) ; i. e. 
the entire interest ^ $6 X 6 = $36, and this added to the sum 
of the 4 installments, viz., $400, gives $436, as in the 1st method. 
Hence, 

HtJLE. — Find the sum of the natural series of numbers, 1, 2, 8, 
etc., Mjt to the number of installments, less one, by Art. 351 ; mul- 
tiply the interest of one installment for one interval of time, by 
this sum, and the product will be the entire interest; add the 
entire interest to the sum of all the installments and the whole sum 
wiU be the amount required. 

Ex. 2. If an annual pension of $500 be in arrears for 6 years, 
what will it amount to at 6 per cent, simple interest ? 

Ans. $3450. 

3. What is the amoimt of a salary of $225 quarterly, id 

arrears for 4 years, at 6 per cent per annum, simple interest ? 

Ans. $4005. 
22 
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4. What is the amount of an annual salary of $6000, u 
arrears for 8 years, at 7 per cent simple interest. 

Ans. $59760. 

5- If a semi-annual rent of $350 be in arrears for 3 years and 
6 muiiths, what will it amount to at 8 per cent simple interest ? 

6. The interest on a certain sum is $600 per annum ; if this 
interest remains unpaid for 3 years, what, in justice, would be 
due the creditor, money being worth 10 per cent ? 

7. What, money being worth 6 per cent ? 

373. Pbob. 2. — ^To find the amount of an annuity lo 
arrears at compound interest, 

Ex. 1. What is the amount of $1 annuity per annum, in 
arrears for 4 years, at 6 per cent compound interest ? 

The 4th installment, becoming due to-day, is worth just $1 ; 
the 3d, having been due 1 year, is worth $1.06 ; so the 2d and 
1st installments, having been due for 2 and 3 years respectively, 
amount, at compound interest, to $1.1236 and $1.191016; .*• 
$1. -I- $1.06 -I- $1.1236 + $1.191016 = $4.374616, the sum 
sought; but these numbers constitute a geometrical series, of 
which the first term is the annuity, the ratio is the amount of $1 
at the given rate for the time between two successive payments, 
and the number of terms is the niunber of payments ; .*. we find 
the amount of the annuity by the rule in Art 364. 

Ex. 2. If an annual pension of $500 be in arrears for 6 yean, 
what will it amount to at 6 per cent compound interest ? 

Ans. $3487.6592688. 

Remark. — In the several Problems in Annuities $1 may be 
oonsidered the annuity, and having proceeded with $1 according 
to the rule, the product of the result multiplied by the true an* 
Quity will give the true result Hence the utility of the following 
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TABLE, 
Showing the amount of the annuity of $1, £1, etc^ a/ 4, 5, 6 and 
7 per cent, compound interest, for any number of yean not 
exceeding 20. 



Yean. 


4 per cent 


5 per cent 


6 per cent 


7 per cent. 


1 


1.000000 


1.000000 


1.000000 


1.000000 


2 


2.040000 


2.050000 


2.060000 


2.070000 


8 


3.121600 


3.152500 


8.183600 


3.214900 


4 


4.246464 


4.310125 


4.874616 


4.439948 


5 


5.416323 


5.525631 


5.637093 


5.750739 


6 


6.632975 


6.801913 


6.975319 


7.153291 


7 


7.898294 


8.142008 


8.393838 


8.654021 


8 


9.214226 


9.549109 


9.897468 


10.259803 


9 


10.582795 


11.026564 


11.491316 


11.977989 


10 


12.006107 


12.577893 


13.180795 


13.816448 


11 


13.486351 


14.206787 


14.971643 


15.783599 


12 


15.025805 


15.917127 


16.869941 


17.888451 


18 


16.626838 


17.712983 


18.882138 


20.140643 


14 


18.291911 


19.598632 


21.015066 


22.550488 


15 - 


20.023588 


21.578564 


23.275970 


25.129022 


16 


21.824531 


23.657492 


25.672528 


27.888054 


17 


23.697512 


25.840366 


28.212880 


30.840217 


18 


25.645413 


28.132385 


30.905653 


33.999032 


19 


27.671229 


30.539004 


33.759992 


37.378965 


20 


29.778079 


33.065954 


86.785591 


40.995492 



Ex. 3. What is the amount of an annual pension of $900 in 
urears for 17 years, at 7 per cent compound interest ? 

Ans. $27756.1953. 

4. What is the amount of an annual salary of $1000 which 
has been in arrears 20 years, at 5 per cent, compound interest ? 

Ans. $33065.954. 

5. What is the amount of an annual rent of $150, in arrears 
for 12 years, at 6 per cent, compound interest? 

Ans. $2530.49115. 

6. What is the amount of an annuity of $300 per annum, in 
•rrears for 15 years, at 4 per cent compound interest ? 

Ans. $6007.0764. 



3'^ AJmUITIES. 

''. Wliat is the amount of a quarterly salary of $225 in ar 
rears for 4 years, allowing 1^ per cent, interest per quarter, and 
compounding the interest quarterly r Ans. $4034.78-[-. 

8. What is the amount of a semi-annual dividend of $500 in 
arrears for 4 years, allowing 3 per cent, interest for 6 months 
time, and compounding the interest semi-annually ? 

9. What is the amount of a biennial salary of $10000 in 
arrears for 8 years, allowing 12 per cent interest for 2 yearSi 
compounding the interest biennially ? 

10. What is the amount of an annual rent of $300, in arrears 
for 19 years ? 

373* Prob. 3. — To find the present worth of a certain 
annuity at compound interest,* 

Rule 1. — Find the present worth of each installment, and 
the sum of these will he the present worth of the annuity ; or^ 

Rule 2. — Find the amount of the annuity as though it were 
in arrears^ and then discount this amount for the time to elapse 
before the kut installment becomes due. 

Note. — These two rules will give the same result, but the 2d is tiba 
earner to apply. 



* To find the present worth of a certain annuity, discounting at simpU 
interest f some authors have given this rale : — Find the present worth of 
ea^h installment separately, and the sum of these will be the present worth 
of the annuity. Others find the amount of the annuity as though it were 
in arrears, and then discount this amount for the time to elapse before tbt 
last installment is due. 

These rules will give different results, but the difference is unimportant ; 
for to purchase an annuity by either of these rules would be in the highest 
degree absurd, since the present worth of an annuity for about 25 years at 
€ per cent, by the 2d rule, or 30 years by the 1st, would be so great that its 
annual interex would be more than the annual installment of the annuity: «. g, 
the present worth of an annuity of $100 for 25 years, found by the 2d mle, 
'R SI 720. Now the loan of $1720 will entitle the lender to $103.20 interest 
aimually, forever ^ and the principal would still be due ; whereas the pur 
chose of the annuity of $100 for 25 years by the payment of $1720, iti 
present worth, will only secure the payment of 8100 annually for 25 Tears, 

1 neither installment nor tlie refunding of purchase money iubKeqaei!t4>. 
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Ex. 1. What is the present worth of $100 annuitj, payable 
annuallj for 4 years ? 

OPkSATION BT BULB 1. 

f V^ = $94.33191 = present worth of 1st installment. 

|i^, = $88.99J^f f f^ = present worth of 2d instaUment. 
Ivy, = $83.9 64^^ A = present worth of 8d installment. 
\]^^, = = $79.20ix&^ ^|Mi^ = present worth of 4th installment 
$346.51^1 ^f j^ = present worth of annuity, Ana. 

OPBBATIOir BT BULB 2. 

$100 X 1-063 = $119.1016 = last term of series (360) ; 
($119.1016 — $100) -1. (1.06 — 1) + $119.1016 = $437.4616 
= amount of $100 annuity in arrears for 4 years (363); 
$437.4616 -i- 1.06* = $346.51 i^fJI^^ Ans. as before. 

These operations may be much abridged by using the following 

TABLE, 

Showing the present worth of the annuity (>/'$l, £1, e^c, at 4, 5, 

6 and 7 per cent .^ for any number of years not exceeding 20. 



Years. 


4 per cent 


5 percent 


6 per cent. 


7 per cent 


1 


.961538 


.952381 


.943396 


.934589 


2 


1.886095 


1.859410 


1.833393 


1.808018 


3 


2.775091 


2.723248 


2.673012 


2.624316 


4 


3.629895 


3.545950 


3.465106 


3.387211 


5 


4.451822 


4.329477 


4.212364 


4.100197 


6 


5.242137 


5.075692 


4.917324 


4.766546 


7 


6.002055 


5.786373 


5.582381 


5.389289 


8 


6.732745 


6.463213 


6.209794 


5.971299 


9 


7.435332 


7.107822 


6.801692 


6.515232 


10 


8.110896 


7.721735 


7.360087 


7.023582 


n 


8.760477 • 


8.306414 


7.8F..'5875 


7.498676 


12 


9.385074 


8.863252 


8.383844 


7.942686 


13 


9.985648 


9.393573 


8.852683 


8.357651 


14 


10.563117 


9.898641 


9.294984 


8.745468 


15 


11.118382 


10.379658 


9.712249 


9.107914 


16 


11.652290 


10.837770 


10.105H95 


9.446652 


17 


12.165664 


11.274066 


10.477260 


9.763228 


18 


12.659292 


11.689587 


10.827603 


10.059087 


19 


13.133935 


12.085321 


11.158116 


10.335595 


20 


13.590322 


12.462210 


11.469921 


10.594014 
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Ex. 2. Wliat is the present wortL ^.f v .inuiui/ / (60 pel 
annum to continue 20 years, at 6 per ctni\ (%m]|[y3uud inxiest? 
The present worth of $1 by the table is $11.469'9'<il, 

.-. $11.469921 X 60 = $688.19526, Aiw. 

3. What is the present worth of an annuity of $171/ pur 
annum to continue 15 years, at 7 per cent compound interest ? 

Ans. $1593.884^}-, 

4. What is the present worth of an annual pension of $\ SO 
for 12 years at 5 per cent ? Ans. $132if.4878. 

5. A young man buys a farm for $2000, which he agrees V) 
pay in 16 equal annual installments, the first in 1 jear from iLei 
time of purchase. Allowing 6 per cent, what ready money will 
pay the debt? Ans. $1263.236-f-. 

6. What is the present worth of a semi-annual salary of $50C^ 
to continue 8 years, allowing 4 per cent interest for the timi 
between two successive payments ? Ans. $5826.145. 

374. Prob. 4. — ^To find the present worth of a perpetuity 

The present worth of a perpetuity is, evidently, a sum whoi . 
interest for the interval between two successive payments k 
equal to one installment ; now, interest is found by multiplying, 
the principal by the rate per cent ; .*., conversely, the principal 
equals the interest divided by the rate per cent Hence, 

Rule. — Divide the installment hy the rate per cent, and th 
quotient will be the present worth of the perpetuity. 

Ex. 1. What is the present worth of a perpetuity of $60 pe 
annum at 6 per cent ? $60 -f- .06 = $1000, Ans. 

2. What is the value of a perpetuity of $1200 per annum at \j 
per cent ? Ans. $20000. 

8. What is the present worth of a perpetuity of $900 pe 
annum at k per cent? Ans. $30000. 

37tS* Prob. 5. — ^To find the pref^ent worth of an annuity' 
iX^rtain, in reversion. 

Rule 1. — Find the value of the aniMity if entered on i'min^ 
iiately and then discount that value fi/i the time in reversion^ 
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NoTB —A like rale will giye the yalne of a perpetaity in reyersion. 

KuLE 2. — Find the present worth of a like annuity for the 
Hme in reversion, also for the whole time from the present tiU the 
last installment is due, and the difference of these will be the pres- 
ent worth of the annuity in reversion. 

Ex. 1. Wliat is the present worth of $500 annuity to com 
Buenoe in 3 years and continue 4 years, at 6 per cent. ^ 

BT BULB 1. 

Present worth for 4 years = $1732.558. 

$1732.553 -^ 1.191016 = $1454.6844-, Ana. 

BT BULB 2. 

Present worth for 7 years = $2791.1905. 
Present worth for 3 years = $1336.506. 

Difference = $1454.6844-, Ans. 

2. What is the value of a perpetuity of $1000 to commepce 
in 2 years, discounting at 6 per cent. ? Ans. $14833.274. 

3. What is the present worth of an annual pension of $300 to 
commence in 8 years and continue 12 years, discounting at 4 
per cent. ? Ans. $2057.273. 

376. Pbob. 6. — ^To find an annuity, its present wortb being 
given. 

Rule. — Divide the given present worth by the present worth 
of $1 annuity for the given rate and time. 

Ex. 1. The present worth of an annuity for 3 years is $500 , 
what is the annuity ? 

$500 -^ 2.673012 = $187,055 — , Aps 

2. The present worth of an annual rent for 10 years is $6000 ; 
what is the rent, discounting at 5 per cent. ? Ans. $777,027. 

377« Pbob. 7. — ^To find an annuity, its amount being given. 

Rule. — Divide the given amount by the amount of $1 annuity 
for the given rate and time. 
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Ex. 1. The amount of an annuity for 4 years is $60C ; whab 
is the annuity, discounting at 6 per cent. ? 

$600 -T- 4.374616 = $137,155 — , Ans. 



{ 44. PERMUTATIONS, ARRANGEMENTS, AND 

COMBINATIONS. 

PERMUTATIONS. 

SyS. When several things are placed in a line in every 
possible order of succession, so that each shall enter every result, 
and enter it but once, they are said to be permtUedy and ecieh 
order of sticcesston is called a permutation ; thus, the single let- 
ter, a, can have but 1 position, i. e., it cannot stand either before 
or afler itself; the 2 letters, a and 5, furnish the 2 permutations, 



{?.'} 



the number of which is expressed by the product of 
1 X 2 .= 2; and if a 8d letter, c, be introduced, we have 



(cab^ cba^ 

^ac b, be a>; i. e., 

(abc, bac) 



the new letter, c, may stand 1 st, 2d, or Sd 



in each of the 2 permutations of a and b ; hence the number of 
permutations of 3 things is expressed by the product, 1x2x8 
= 6. If a 4th letter, (£, be taken, it may stand as 1st, 2d, 3d, or 
4th, in each of the 6 permutations of a, b and c, and, of oouf»% 
(umish 4 times 6=1X2x8X4 = 24 permutations. 

By the above, it is evident that the No. of permutations 
Of 1 thing = 1 

Of 2 things = 1x2=2 

Of 3 things = 1x2x3= 6 

Of 4 things = 1x2x3x4= 2i 

Of 5 things = 1 X2x3x4x5 = 120 

Mid «u on to any extent. Hence, 
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S79« Pros. 1. — ^To find the number of pennutations of anj 
^en number of things. 

Rule. — Form the series of numbersy 1, 2, 3, 4, eic^ up to the 
mitnbe?' of things to be pennutedj and their continued product wil^ 
he the number of permutations, 

Ex. 1. How many different integral numbers may be ex- 
pressed by writing the 9 significant digits in succession, each 
figure to bo taken once, and but once, in each number ? 

Ans. 1X2X3X4X5X6X7X8X 9 =362880. 

2. Suppose 20 books, standing on a shelf, be removed without 
Qoticing their order, what is the probability that the first trial to 
replace them as before will be successful ? 

Ans. As 1 to 2432902008176640000. 

3. A family consists of &ther, mother, five sons, and fiye 
daughters ; in how many different orders of succession may they 
vzange themselves around the dinner table ? 

Ans. 479001600. 

4. The solar spectrum consists of 7 colors — red, orange, yel- 
low, green, blue, indigo, and violet ; in how many different orders 
may these colors be arranged ? Ans. 5040. 

ABBANGEHENTS. 

380* If from any number of things a smaller number be se- 
lected in such a manner that all the groups shall consist of the 
same number of things, and each group be different &om every 
Dther, in, at leasts vie of the things of which it is composed, these 
selections are called comhinations ; and if these combinations be 
permuted the results are called arrangements; thus, a6, oc, ad^ 
bCy bd, cd are combinations of 4 letters in seta of 2 and 2, and ah^ 
ki, aCyCOy etc, are arrangements of the same 4 letters in sets of 
2 and 2. 

It will be noticed that although ah and ba are 2 arrangements, 
yet they esre not 2 combincUions, for (tb and ba v^ composed, not 
ofd^erenty but of the same letters. 
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381« If the 4 letters, ayh^e and d^ be arrauged in sets uf ] 
and 1, we have 4 arrangements, viz., a, b, c and d; and for ecu:h 
arrangement there are 3 reserved letters — the 3 which are not in 
the set; for the 1st arrangement, a, the reserved letters are b, c, 
and d; for the 2d, 6, the reserved letters are a, c and dy etc^ etc 

Now if we wish to arrange the 4 letters in sets of 2 and 2, we 
^e each of the 4 arrangements in sets of 1 And 1 and annex to 
it ea^ of the 3 reserved letters, thus. 



(a by bOy c ay doy^ 
^acybcy cby dby> 
{ ady bdy cdy dcyj 



living 4 times 8, i. e., 4 X ^ = ^^ arrangements of 4 letters in 
sets of 2 and 2. 

Again, if we would arrange them in sets of 8 and 3, we haye 
but to annex each of the reserved letters to each of the 12 ar- 
rap^ements in sets of 2 and 2 and we have 



{ 



ahcy acby adby bac, bcd, bdoy cahy cbd, cdoy dah, dba, dcoy ) 
abdy acdy adcy body body bdcy cady cbdy cdby doc, dbcy deb. ) 



The law of arrangements is evident : — ^if we arrange any num- 
ber of things in sets of 1 and 1, there will be as many arrange- 
ments as there are things &om which to select ; if in sets of 2 
and 2, the number of arrangements will be equal to the number 
in sets of 1 and 1 multiplied by the number of reserved letters,!, e. 
the number from which we select, minus one ; and so on in sets 
of 3 and 8, 4 and 4, etc Hence, 

383« PROB. 2. — ^To determine the number of arrangements 
that can be made of any number of things taken in sets of 1 and 
1, 2 and 2, 3 and 3, etc, etc 

KuLB. — Form a series of numberSy beginning with the number 
of things from which we are to selecty and decreasing by 1 unHk 
ike number of terms is equal to the number of things to be taken 
rrt a timcy and the continued product of these terms wiU be the 
number of arrangements. 
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Ex. 1. How many mte^ral numbers can be expressed, each 
composed of any 5 of the 9 sigrificant figure*) ? 

Ans. 9X8X7X^X5 = 15120. 

2. How many arrangements can be made cf 6 scholars out of 
a class of 16 scholars ? Ans. 5765760. 

3. How many arrangements of 6 letters, selected from the 26 
of the English alphabet may be made? Ans. 165765600. 

383« If the number of things in a set is the same as the 
number of things from which the selection is to be made, the 
question becomes one of mere permutation ; e. g., what number 
of arrangements can be made of 4 books, taken in sets of 4 and 4 / 

Ans. 4X3X2X 1 = 24 = No. permutations of 4 things. 

Combinations. 

384« If every poseihle combination of any number of things 
m sets of 2 and 2, 3 and 3, etc., be permuted, these permutations 
mrist he aU the possible arrangements of the same number of 
things in sets of 2 and 2, 3 and 3, etc. ; e. g. if each of the 6 
combinations of 4 things in sets of 2 and 2 be permuted, we 
obtain 12 arrangements, — all the possible arrangements of 4 
things in sets of 2 and 2 ; i. e. the number of combinations of 
4 things in sets of 2 and 2 multiplied by the number of permuta- 
tions of 2 things gives the number of arrangements of 4 things 
in sets of 2 and 2 ; or, to abbreviate this and put it in the form 
of an equation, let A stand for the number of arrangements of 
4 things in sets of 2 and 2 ; let P stand for the number of per- 
mutations of 2 things ; and let O stand for the number of combi* 
nations of 4 things in sets of 2 and 2, and we have (7 X P=-Ai 
and, dividing each member of this equation by P, we h^ve (7 = 

A ' . 

-=. This formula, reduced in the example under consider^tioi^ 

4X3 
gives ' = 6 combinations of 4 things in sets of 2 each. 

A like explanation can be given to every example. Henoeb 
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38«S« Pros. 3. — ^To find the number of oombinationB of any 
number of things in sets of 2 and 2, 3 and 8, etc 

RuLE-Jbrm a series of numbers, cinihervle for arrange 
ments (3S2), for a dividend^ and a series, as in the ride forper' 
mutations (379), 1, 2, 3, etc., up to the number of things to be 
combined at a time, for a divisor, and the quotient wiU be the 
MLmber ofcomhinaHons sought. 

Ex. 1. How many different companies of 7 men each may be 
selected from 21 men ? 

21 X 20 X 19 X 18 X 17 X 16 X 15 ^.o^^ ._ 
IX 2X 3X 4X 5X 6X 7 = ^^^^^^ ^^ 

2. How many combinations of 6 letters, selected from the 
English alphabet, can be made ? Ans; 230230. 

3. How many different combinations of 8 colors can be made 
out of the 7 prismatic colors ? Ans. 35. 

4. The graduating class in a literaiy institution consists of 50 
members, of whom 33 are to be selected for public speakers; 
bow many different selections can be made? 

fn Ans. 9847379391150. 

5. Chemists describe 5o different elements in nature ; now, if 
one particle in each element will combine with one particle m 
each of the other elements, how many combinations may be so 
formed? Ans. 1540. 

6. A butcher bought 10 sheep out of a flock of 20, agreeing 
to pay as many cents for each of the 10 sheep as the owner 
could make different selections of 10 sheep from the flock ; what 
did the sheep cost him? Ans. $18475.60. 

386. If the number of things to be combined is the sama 
as the number of things from which the selection is to be made, 
there can be but 1 combination, for the factors of the dividend 
and diyisor will be the same, and, consequently, cancel each 
other ; thus, e. g., how many combinations c4n be made of 
thiiigfi selected from 6 ? 

6X5X4X8X2X1 _, 
^^1X2X3X4X5X6-*- 
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3^7* Just as many combinations of 7 and 7 as of 2 and S 
may be made of 9 things ; just as many of 6 and 6 as of 3 and 8, 
etc. ; andy generally^ just as many combinations of any number 
of things selected from a larger number can be made as of the 
remaining number after the smaller is taken from the larger; 
for, afler as many factors at the fieginning of the dividend and 
divisor each are considered as are in the smaller set, the remain* 
ing factors of the dividend and divisor cancel each other ; thus, 
had the 1st example in Art 385, read, — How many different 
companies of 14 men each may be selected from 21 men ? — our 
formula would have been 



21X20X19X18X17X16X15 



1X2X3X4X5X6X7 



X14X13X12X11X10X9X8 



X8X9X 10X11X12X13X14 



=r 116280, 



in which all the fisustors of the numerator afrer 15 are like the 
&ctors of the denominator after 7 taken in an inverted order. 

388* If the continued product of the terms of a descending 
arithmetical series, consisting of any number of integral terms 
whose common difference is 1, be divided by the continued 
product of the series 1, 2, 8, 4, etc., up to the number of terms 
whose product forms the dividend, the quotient wiU he a whole 
number ; for this quotient wiU be the number of combinations 
of as many things in a set as are represented by the largest 
factor in the divisor, selected from the number represented by 
the latgest factor of the dividend, and this number of combina^ 
ticne is necessabilt a whole nundter ; thus, 



79 X 78 X 77 X 76 
1X2X3X4 



= 1502501, a whde nvmAmr. 
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§45. MISCELLANEOUS EXAMPLES. 

389. Ex. 1. The sum of 3 numbers is 99 ; the 2d of these 
numbers is 3^ times the Ist^ and the 3d is 2^ nmes the 2d. 
What are the numbers ? • ^ Ans. 8, 28 and 63. 

2. What is the mterest on $356.50 from May 12, 1856, t 
July 4, 1858; at 7^ per cent. ? 

8. Multiply ^ of 7^ by ^. Ana. d. 

4. What number, multiplied by ^ of itself, will produce 4^ ? 

Ans. 8. 

5. What number, multiplied by ^ of itse)^, will produce 8^ ? 

Ans. 5. 

6. What number, multiplied by 2^ times Itself, wiU produce 55? 

7. The hind wheel of a carriage is 10^ feet, and the fore 
wheel 9 feet in circumference ; how many revolutions will §ach 
make in running from Andover to Boston, 20^ miles ? ' 

8. The salary of the President of the United States is $25000 
per annum ; what sum can he expend daily, and yet save $26950 
in one term of office ? Ans. $50. 

9. A merchant has 141b. sugar worth 10c, 141b. worth 12c. 
and S81b. worth 15c, which he wishes to mix with two other 
kindfe worth 18c and 23c so as to make a mixture worth 19c 
per lb. ; how many pounds of each of the two latter kinds may 
he take ? Ans. 561b. at I85. and 981b. at 23c 

10. Hiero, King of Syracuse, ordered his jeweler to make 
him a crown of gold, weighing 63 ounces. The artist attempted 
a fraud by substituting a portion of silver ; but the king, sus- 
pecting fraud, requested Archimedes to examine it. Archime- 
des, putting it into water, found that it displaced 8.2245 cubic 
inches of water ; a^id, having found that an inch of gold weighs 
10.36 ounces, and an inch of silver 5.85 ounces, he discovered 
what part of the king's gold had been purloined. It is required 
^ repeat the process. Ans. 28.8034- ounces. 
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11. A rfxjtangular piece of land, containing 80 acres, has iti 
lengdi to its breath as 3 to 1 ; what are its length and breadth ? 

Ans. 120 and 40 rods. 

12. A gentleman, in disposing of his property, willed to hif 
wife i and to his son § of his estate, if, of children, he left only a 
son ; and to his wife § and to his daughter J, if he left only a 
daughter. Noiw, at his decease, he left both a son and a daughter, 
in consequence of which his widow received $3200 less than if 
he had left only a daughter. What would she have received if 
he had left only a son ? Ans. $2800. 

13. Suppose all the conditions in Ex. 12 to remain unchanged, 
except that the gentleman shall leave a son and 2 daughtern, 
what will be the answer ? 

14. A gentleman, dying, left his estate of 30983£ 14s. 6d. 89 
follows, viz., for benevolent objects 8567£ I2s. 3d., to his widow 
8567£, to each of his 3 daughters ^ of Hfj}} of the remainder, 
and to each of his 5 sons, } of what then remained ; what was 
the share of a son ? of a daughter ? 

15. Two men in Boston hire a carriage for $20 to go to Fitcb- 
burg, 50 miles distant, and return, with the privilege of taking in 
8 more persons; having gone 20 miles, they take in A; at 
Fitchburg they take in B, and when within 15 miles of the dtj 
they take in C. How much shall each man pay ? 

' 1st man, $6.35. 
2d man, $ 
/>^^ -;: " Ans. ^ A $ 



B $5 

[C $ 



16. A general, arranging his army in a square battalion, 
found that he had 116 men remaining; but, increasing the rank 
and file by one soldier, he wanted 129 men to make up the 
square. Of how many men did his army consist ? 

Ans. 15000. 

17. J£ a pipe 6 inches in diameter will discharge a certain 
quantity of water in 4 hours, in what ^time will 3 four-inch pipi?# 
discharge twice the quantity. Ans. 6 hours. 
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18. A colonel, forming his regiment into a hoUow square, 
found that, when he arranged the men 3 deep on each side of 
the square, he had 114 men left; but when he arranged them -I 
deep, he wanted 114 men to complete the arrangement. Of 
bow many men did his regiment consist? Ans. 750, or 846. 

19. How shall I mark a package of wrought collars which 
eoBt me $4 each so that I may fall 20 per cent, from the marked 
price and jet make 25 per cent, on the purchase price ? 

Ans. $6.25. 

20. What shall I ask per pair for gloves which cost $9.60 
per dozen that I may discount 33^ per cent, from the asking 
price and jet gain 25 per cent, on the cost ? 

21. What are the prime factors of 2800 ? 

22. What ore all the integral factors of 2800? 

23. What is the greatest common measure of 1027 and 1781 ? 

24. Bought of J. P. & Go. as follows : — 

Julj 1, 1857, on 60 dajs' credit, a bill of $200. 

« 15, « « 90 « « « 400. 

Aug. 5, « « 80 « « « 400. 

Also, sold to J. P. & Co. : — 

Julj 22, 1857, on 2 months' credit, a bill of $500. 
Aug. 29, <« « 3 ** •* « 400. 

When shall I paj the balance of the debt ? 

25. Sold to D. S. E. as follows :— 

Jan. 8, 1857, on 6 months, 10 acres of land at $150, $1500. 
Feb. 28, « « 3 " 5 tons of haj at 20, 100. 

Also bought of him :-«- 

March 4, 1857, on 30 dajs, 6 horses at $150, $900. 
« 26, « « 40 « 8 cows at 25, 200. 

When shall he paj me the balance of his debt ? 

26. 'What is the amount of $356, at 6 per cent, compoimd 
interest, from Julj 21, 1836, to Julj 31, 1857 ? 

27. How manj feet of boards are required to cover a hooas 
ttiFi is 40 feet long, 30 feet wide and 20 feet high to the top of 
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the plates, the ridge being 12 feet above the plates and the roof 
projecting 1 foot horizontally over the plates, no account being 
made of doors, windows, thickness of boards, etc Ans. 4784. 

28. How many bricks, whose dimensions are 2, 4 and 8 
inches, are required to build the walls of a house 50 feet lon^ 
32 feet wide and 20 feet high, the walls being 1 foot thick ? 

29. How many bricks would be required for the above mem- 

doned house, if the walls were 1^ feet thick ? Ans. 127980. , 

ti' 

30. What is the square root of 9 times the square of 16 ? \^ 

31. What is the square root of the square root of fg of the 
square of ^VV ? Ans. ^. 

32. The radii of two circles having a conunon center are 4 
and 8 inches ; what is the area of the circular ring included be* 
tween the two circumferences ? Ans. 150.79 641 6sq. in. 

Remark. — ^The answer to Ex. 32 may be found without 
ascertaining the area of either circle. How ? 

33. A tree 32 feet tall, growing vertically upon a horizontal 
plane, is broken off so that the top reaches the ground 16 feet 
from the stub, the part broken off turning upon the top of the 
stub as upon a hinge ; what is the hight of the stub ? 

Ans. 12 teet. 

34. A gentleman being asked the time, replied that 4 of the 
time past from noon was equal to ^ of the time to midnight « 
what was the time ? 

35. Suppose a boy can count distinctly 180 per minute, how 
long will it take him to count one quadrillion by the French 
method of numeration ? how long by the English method ? . 

' 36. Received a quantity of goods frx)m Liverpool, with m- 
strucdons to sell them and invest the proceeds in cotton, aHer 
deducting a commission of 1^ per cent, on the biles of the goods 
and 1 per cent on the purchase of the cotton. Sold the goods 
at an advance of 5 per cent on the invoice price and i-eceired 
SI 2600 ; what was the invoice price and what sum was invested 
in cotton? Ans. Invoice, $12000; invested, $12288.1 l^A- 

23* 
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37. How uiany different companies of 7 men each can 1m 
selected from 18 men ? how many companies of 11 men each ? 

88. In a certain house there are 46 windows and 12 panes in 
each window. B buys this house, agreeing to pay 1 cent tor 
the first pane of glass, 2 cents for the second, and so on, in geo- 
metrical progression, for all the panes ; what is the price of the 
hoose? 

39. What would have been the price of the above-mentioned 
house, had the series been in Arithmetical Progression ? 

40. Pud 3 debts successively, each of which took half of all 
the money I had before paying it and 50 cents more, and then 
had only $50 remaining ; how much had I at first ? 

Ans. S407. 

41. A cistern has a receiving and a discharging pipe. If the 
dstern be empty and both pipes open, it will be filled in 12 hours ; 
whereas if the discharging pipe were dosed, the dstern would be 
filled in 9 hours. In what time would the discharging pipe 
empty the fiill dstern, if the receiving pipe were closed ? 

42. What is the square of the cube root of } of ^ and } of 

Ans. ^. 



16m 

43. What is the cube of the square root of I of j| — i^lA? 

Ans. ^. 

44. How many different integral numbers can be expressed 
by means of the ten Arabic digits, each digit being used oncei 
and only once, in each number ? r 

45. For what sum must a policy be taken out to secure an 
adventure of $10000 from New York to Liverpool, at 4 per cent, ; 
thence to Havre at 1 per cent ; thence to San Frandsoo at 10 
per cent ; and thence to New York at 8 per cent ? 

46. J£ a certain number be hicreased by 5, and the sum 
diminiEhed by 1 1, and the remainder multiplied by 4, -and the 
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prodact divided by 3, tiie quotient will be 36 ; what is the niiiii> 
ber? Ans, 33. 

47. A watch has an hour, a minute and a second hand, tum- 
mg upon the same center-staff. At 12 o'clock the three hands 
are together. How long will it be (1) before the second-hand 
will be equally distant from the other two ? (2) before the minute* 
hand will be equidistant from the other two? (3) before the' 
hour-hand will be equidistant from the other two ? 



Analysis of (1 ) — Let A, m and t 
be the positions of the hour, minute and 
second-hands, severally, at the required 
time. Then since the minute-hand goes 
12 times as &st as the hour-hand, and 
the second-hand 60 times as fast as the 
minute-hand, we shall have the distance 

to h = 1 space. 

to m ^ 12 spaces. 

to * = 720 « 

.•.«!» to * = 708 « 

and « s to A = 708 « 

and « « to 12= 707 ** 

and « 12 round to 12= 1427 « 

Hence the proportion : — ^As the distance round the dock Is to 
the distance the hour-hand has moved, so is the number of 
seconds while the hour-hand is going round the clock to the num- 
ber of seconds required ; i. e., 

As 1427 : 1 : : 43200 sec : 30t^JV ^^9 ^^' 

Bemabk. — ^In a similar manner we may determine when the 
icoond-hand shall have the position s represented in Fig. 1 ; also 
the questions (2) and (3), and all similar examples respecting 
the positions of the hands of a watch may be analyzed. 




J 
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48. At what time between 12 and 1 o'clock will the hour and 
minute hands of a watch make equal acute angles with the line 
tending from the center-staff to 12 ? Ans. 65^^ m. past 12. 




Analysis. — ^At half-past 12 the 
minute-hand is at 6 and the hour- 
hand is at h\ half way from 12 to 1. 
Now, if the hour-hand would stand 
still at h' while the minute-hand 
moved forward to t', half-way 
from 11 to 12, 27^ minutes from 
the point 6, the hands would have 
the required positions ; but, while 
the minute-hand is advancing, the 
hour-hand goes from K U>h; .•. the 
minute-hand must stop at t, as 
much short of i' as h is in advance of K ; i. e., the hour and 
minute hands together move over the space represented by 27 \ 
minutes on the dial ; but the hour and minute hands together 
move over 13 spaces while the minute-hand alone moves over 
12 spaces ; hence the proportion: 13 : 12 ; : 27^ m. : 25^ m., 
the number of minutes beyond half-past 12 when the hands will 
have the required positions. 

49. At what time between 5 and 6 o'clock do the hour and 
minute hands make equal acute angles with the line from 12 to 6 ? 

50. At what time between 2 and 3 o'clock do the hour and 
minute hands point in opposite directions ? 

51. At a certain time between 8 and 9 o'clock the minute- 
hand was between 9 and 10. Within an hour afterwards the 
hour and minute hands had changed places. What was the 
1st mentioned time? 

52. An intelligent farmer, having a good pair of oxen fully 
shod, offered to sell them if any one would pay 1 cent for the 
Grst shoe, 2 cents for the second, and so on in geometrical pro- 
gression for all the shoes. Having found a ready purchaser, it 
in required to find the price of the oxen. Ans. $655.35. 
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58. The ignorant purchaser of the oxen mentioned in the 
above example, being astonished at the price, soon negotiated th» 
sale of his horse, a uoble aiumel, on the same terms. What dii^ 
he receive for his horse ? Ans. 15 cents. 

54. Mr. Ignoramus, being chagri**ed hj the bargains mentiop- 
ed in Ex. 52 and 53, and resolving tu retriev<) hi^ fortune by thA 
purchase of a splendid mansion, offered the ownr<* I cent for th« 
1 3t door, 2 cents for the 2d, 4 for the Sd, and so ob. The bouse 
having 65 doors, what did it cost? 

Ans. $368934881474191033^^1. 

55. The purchaser of the above-named house, being s^n^n 
astonished above measure, called in legal advice. The la^ jet 
being a shrewd, practical man, counseled his client to saj to the 
inexorable creditor : — ** It is but reasonable, sir, that jour legal 
demands be satisfied ; please be seated till I can count the money, 
and jou shall have jour paj." Now, suppose the debtor can 
count $1 per second, 10 hours a daj and 300 dajs in a jear, 
how long must the creditor wait ? 

Ans. 34160637173 jr. 6 m. +. 

56. What would be the simple interest on the above-named 
sum for the time required to count it ? 

57. What the amount at compound interest, allowing it to 
double once in 12 years? 



% 



SUPPLEMENT. 



§46. MISCELLANY. 

390* Arithmetical operadons, bv the Roman Notaf/on, 
are very cumbersome, and this may be botn cause and conse- 
quence of there having been few, if any, Roman mathematicians 
of eminence. 

391* The directions usually given for the manrier of per- 
forming certain operations are merely for convenience ; thus, in 
Subtraction we are directed to write the subtrahend under the 
minuend ; but one versed in figures will subtract as readily when 
the subtrahend is aver the minuend or ehewhere^ and it is fre- 
quently more convenient than to follow the rule. 

Ex. Take 85 7 69 

From 842076 In the proof, the nppei 

i> . ^ oiM^^i^n number and remainder are 
Remamder, 806807 ^^^ ^^^^^^^ 

Proof, 8 4 2 7 6 

393« In Multiplication, the result will be the same, which- 
ever figure of the multiplier is used first ; still, there is usually 
Qo gain in departing from the common course, but a decided lou 
in the lack of system. The following example illustrates these 
points : — 

Multiply 8742 ' 8742 8742 
By 4298 4298 429 8 

88678 11226 11226 

14968 14968 88678 

11226 88678 7484 

7484 7484 14968 

Product, 16064406= 16064406= 16064406 
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S93. In Long Division, there may be a real gain in writing 
ihe divisor at the right instead of at the left of the dividend ; for 
fhe work will be more compact^ and the divisor and quotient wiQ 
harC ifie ustud relative position of factors in multiplication; thus. 

Dividend, 92250 ( '375 Divisor. 108£ 78. 9d.(13 

750 ( 246 Quotient. 104 (8£ fis. 9d. 

1725 2250 4£ 

1 500 1500 20 

2250 ^^^ 878. 

^250 92250 Proo£ 78^ 

' 98. 

12 

1178. 

117 


CoKT&io'^ioKS IN Multiplication. 

394. To mcdtipty by 25, 

Rule. — Annex (^ to the multiplicand (or move the decimm 
foint two places towarii the right) and divide the result by 4. 

""lirhj? Because 2t^ is | of 100, and •*• we wish to obtain ) 
of 100 times the mnltipliokiai ; thus, 

Multiply 796 by 25. A\m 7.96 by 25. 

4) 79600 4) 7 9 6. 

19 9 0, Ans. 199., Ans. 

395. To multiply b/ d3ji, 

Rule. — Annex 00 (or mcu^y itc) and divide hy 3. Why ^ 

Mpltiply 7824 by 33^. Also 7.824 by 33J. 

8 ) 782400 3 ) 7 8 2.4 

2 6 8 0, Ans. 2 6 0.8, Ans. 



\ 
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396. To multiplj bj 66§, 

Rule. — Annex 00 (or move^ etc,), divide by 8, and multiply 
the quotient by 2. Why ? 

Multiply 34278 by 66§. Also 45.3678 by 66§. 
3) 342780 8 ) 4 5 3 6.7 8 

1142600 1512.26 
2 2 

2 2 8 5 2 0, Ans. 3 2 4.5 2, Ans. 

397. To multiply by 133}, 

Rule. — Annex 00 (or move^ etc,), divide by 3, and add the 
quotient to the dividend. Why ? 

Multiply 78424 by 133}. Also 2.756 by 133}. 

3)7 842400 3)27 5.6 

2 6 1 4 1 3 3.3 3 8-f- 9 1.8 6 d-f- 



1 4 5 6 5 3 3.3 3 3-I-, Ans. 3 6 7.4 6 6+, Ans. 

398. To multiply by 9, 99, 999, or any number of 9's, 

Rule. — Annex a» many ciphers (or movej etc.) as there ar§ 
9's in the mttkiptSer^ and from the resttk subtract the muUipUccmd. 

Why? Because annexing multiplies by 10, and, if the 
multiplicand be subtracted, 9 times the multiplicand will remain $ 
annexing 00 gives 100 times the multiplicand, and taking away 
once the multiplicand will leave 99 times the multiplicand ; etc 

Multiply 7843 by 999. Also 5.69234 by 9999. 

7 8 43 000 5 69 23.4 

7843 5.6 9 2 3 4 

7 8 3 515 7, Ans. 5 6 9 1 7.7 7 6 6, Ans. 

399. How shall we multiply by 12}, 16}, 150, lOl, 1001, 
19, 91, etc? 

Ex. 1. Multiply 7848 by 12}. 
8. Multiply 98.4328 by 12}. 
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a Multiplj 594827 bj 150. 
4. Multiply 98.643 by 150. 
6. Mu'tiply 378942 by 10001. 

6. Multiply 35.6927 by 101. 

7. Multiply 46923 by 17. 

8. Multiply 46923 by 71 

400« To multiply any whole number -f-i ^7 itself, 

Rule. — Multiply the whole number by the next lor get wkok 
number and to the product cuid ^. 

Ex. 1. Multiply 5^ by 5^. 6 X 5 -|4 = 30^, Ana. 

The reason b found in the following process : — 

5 4-4 First, merely indicaie the 

6 -|- I multiplication of 5 -(- i ^7 ^ 
5X5 I t X 5 ^^'^ ^®° ^^ ^^ setting the 

I X 5 4- i terms of the product as in the 

J— ^ "y * margin ; then, adding, we find 

5X5 + 1X5 + i; that the product \Rfive times 5, 

phu once 5, plus ^, which is 6 
«» (5 + I) X 5 + J, times 5 + i, a result iu ao- 

Le. 6x5 + i= 8O4. cordance with Uie rule. 

Ex. 2. Multiply 9^ by itself. 

3. What is the value of a cheese weighing I2^1bk at I2^ct8. 
per pound ? Ans. $1.56^. 

(a) This principle applies equally well to figures of a higher 
^rder than units ; thus, 

Ex. 1. Multiply 75 by 75 ; L e. 7^ ten$ by 7^ ten$. 

80 X 70 + 5« = 5625, Ans. 

2. Multiply 95 by 95. Ans. 9025. 

3. Multiply 350 by 350. Ans. 12250C. 

4. Multiply 7500 by 7500. 

'101* To multiply any whole number + ^ by the next 
larger whole number + ^, 

Rule. — Multiply the larger whole number by itself and from 
the product subtract \. 

24 



\ 
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Ex. 1. Multiply 6i by 7J. 7 X 7 — i = 48|, An« 

2. Multiply 9) by 10^ Ans. 99}. 

{Aj The rule applies equally well to examples where the 
fractions in multiplier and multiplicand vary but ^, I, ^, etc, 
from the larger integer, except that the square of t^ie smaller 
fraction, instead of ^, is to be subtracted. 

(b) It also applies to figures of a higher order. What is the 
principle of operation ? 

Ex. 1. Multiply 9f by lOf 

10 X 10 —ay = 9921, Ans. 
t. Multiply 3f by 4^. 
8. Multiply 35 by 45. 40 X 40 — 59 = 1575, Ans. 

4. Multiply 27 by 33. 80 X 80 — 3« = 891, Ans. 

5. Multiply 58 by 62. 

403* To multiply two dedmals together when the product 
is required to be true only to a certain number of decimal 
places, 

Ex. Multiply 414.798 by 28.7286 and make the producf Vn^ 
to 8 decimal places. 

UKCONTKACTED PBOCESt. CONTRACTED fSOCESB. 

4 1 4.7 9 8 414-798 

2 3.7 2 8 6 2 3 7 2 8 6 



829586 
1244379 
290355 



829586 
1244379 
290355 



82958 6 8 29 6 

33183 44 3318 

2488758 249 



9 8 4 2.4 5 7,1 7 9 8, Ans. 9 8 4 2.4 5 7, Ans. 

In the contracted process. h seems most convenient to mnlHr b 
by the left-hand figure of the multiplier first (392) and we at 
once perceive that the whole multiplicand is to be multiplied by 
the integers of the multiplier, for there are no more decimal 
places in the multiplicand than are required in the prodoet 
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But when we multiplj by the .7, we may omit the .003, for 
.003 X ^7 would give a decimal of the fimrth place ; however, 
as there would be 2 to carry from the product of 3 X 7 to the 
product of 9 X 7 in the un contracted process, so 2 must be car- 
ried in the contracted process ; thus, 7 times 9 are 63, and 2 
added will give 65, .*. 5 is written as the right-hand figure in the 
8d partial product So, when we multiply by .02, both 9 and 3 
of the multiplicand may be disregarded, except so far as to de- 
termine what to carry to the product of .7 X -02 ; and, as twice 
9 is nearer 20 than 10, there are 2 to carry, which gives 6 for 
the right-hand figure of the 4th partial product, etc, etc 

Contractions in Division. 

403. In division of decimals, when the quotient is to be 
true only to a given number of decimal places, the process may 
be contracted by dropping, successively, the right-hand figures 
of the divisor, instead of annexing a cipher or bringing down % 
figure to the successive partial dividends, taking care to change 
the right-hand figure of the several products, etc, as would be 
required if the neglected figures were regarded. 

Ex. Divide 7.9362 by 2.7451, true to 4 decimal places. 

UKCONTRACTSD PBOCEBB. CONTKACTSD PROCBSt. 

2.7451 ) 7.9362 ( 2.8910 2.7451 ) 7.9362 ( 2.8910 

54902 54902 

24460,0 24460 



21960 



2499 
2470 



8_ 21960 

20 2499 

59 2470 



28 610 28 

27 451 2^ 

11590 "l 

For the 1st quotient figure the whole divisor is required ; for 
the 2d quotient figure the 1 of the divisor is dropped, but since 
)he 2d subtrahend is incomplete, its right-hand figure is increased 
by 1 before subtracting. The same is true of the 3d subtrahend* 
dtc 
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404. To Divide by 5, 

Rule. — MuUiply the dividend hy 2, and point off the riglU 
kand figure. 
Why ? Because \ is twice iV of a number. 

£x. Divide 7849 by 5. 

7849 
.2_ 

1569.8, Am. 
409. To Divide by 25, 

Rule. — MuUiply the dividend hy .04. Why ? 

Ex. Divide 78468 by 25. 

78468 
M 

8188.72, Aub. 

406. To Divide by d3|. 

Rule.— i/u&i>?^ the dividend iy .08. Why ? 
* Ex. Divide 3742 by 83f 

8742 

m 

112.26, Ana. 

407. To Divide by 125. 

UxTLK.— MuUiply the dividend hy .008. Why ? 

Ex. Divide 769423 by 125. 

769423 
.008 

6155.384, 

408. How may we divide V ^Hi ^^§> 6% ^^ ^ 
Ex.1. Divide 3550 by m. 

3550 
.08 



284.00, 
a. Divide 869478 by 16]. 
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Identitt of DmBioJXf Fsactiokb and Ratios. 

409* The dividend in an example in divisiony the numera- 
tor of a fraction and the antecedent of a ratio are identical in 
office; 80, also, are the divisor, denominator and consequent. 
Hence, whatever operations are performed on dividend and divi- 
sor, numerator and denominator, or antecedent and consequent, 
^irill afiect the quotient, value of the fraction or ratio predsely 
alike ; thus, multiplying the dividend (59, a), numerator (125) 
or antecedent (244, a), multiplies the quotient, fraction or ratio. 

(a) Again multiplying dividend ar.d divisor (60, Cor.), nume* 
rator and denominator (133, a, Note 1) or antecedent and conse* 
quent (244, e) by the same number, does not alter the quotient, 
value of the fraction or ratio; .*. two examples in division may, 
without altering the quotients, be so changed as to have a com- 
mon divisor or a common dividend; two fructions may be reduced 
to a common denotnincUor or a common numerator; and two 
ratios, to a common consequent or a common antecedent 

CoROLLAST TO (a). — Since we may multiply dividend and 
divisor, numerator and denominator, or antecedent and conse- 
quent by any number, integral or fractional, it follows that we 
may add to or subtract from these corresponding terms any num- 
hers that have the same ratios, and the quotient, value of fraction 
or ratio will remain unchanged ; thus, 

In Division, 15-7-5 = 3] 
and 6-^-2 = 3 I 

.-., Adding, 21 -f 7 = 3 ^ 



and < 



fl2-:-24 = i 
3-L 6=i 



Subtracting, 9-^3 = 3 

In Fractions, A = ^ 

and t =1 

.-., Adding, 5 +2 __ 5 — 2 _ 

and Subtracting, 154-6~" 15 — 6~* 



15-1-30 = ^ 



9-i.l8 = J 

d 1=3 

§ I 9+6_9— 6_ 

1 3-1-2 ""8 -2"^ 



In Ratio, 15:5 = 3 
and 3:1=3 

.•., Addin g, 18 ;"6 =; 3 

Subtracting, 12 : 4 = 3 

24* 



>- and 






12 = J 
8 = J 



5 ; 20 = I 
1 : 4 = i 
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Remabk. — ^It is on tliis principle tliat the rule for reducing 
pence and farthings to the decimal of a pound by inspectiany is 
founded; thus, 1 qr. = ^^jg£j but if 960 be inci*eased bj ^ of 
itself the sum will be 1000 ; .*., increasing the numerator and de- 
nominator, each, by Jf of itself, we shall have ^^ = r^^, i* e., 

2424 25 50 

^^ ^^• = 1000^= 1000^' ^ ^'•• = 1000^ ^^ 

Now 2s. = ^£= ^£ = .!£, 4s. = .2£, IGs. = .8£, etc ; 
and Is. = ^£ = .05£. Hence, 

410* To reduce shillings, pence and farthings to the ded* 
mal of a pound, by trupectianf 

Rule. — Write half the greatest even number of shillings cu so 
many tenths of a found; write the odd shilling , if there be one, 
as .05 of a pound; and write the number of farthings in the 
given pence and farthings, increased by 1 if the number is \2 07 
more, and by 2 if it is 3Q or more, cu so many thousandths of a 
pound. The sum of these wiU not vary m^re than \ of .00 1£ 
((yr less than ^ qr.) from the true vedue of the given shillings, 
pence and farthings. 

Ex. 1. Reduce 15s. 3d. 2qr. to the decimal of a pound bj 
in<«pection ? 

148. = .7 £ 
Is. = .05 £ 
8d. 2qr. = . 015£ , nearly, 

.% 15s. dd. 2qr. = .765£, nearly, Ans. ; 

Or, more briefly and compactly, 

15s. = .75 £ 
8d. 2qr. = .01 5£, nearly, 

• 158. 8d. 2qr. = .7652, nearly, Ans. a^ bfiforo 
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Ex* 2. Bedooe 198. 8cL Iqr* to the decimal of a pouud. 

Aii8..984£ 

8. Reduce 12s. lid. Sqr. to the decimal of a pound. 

411* Reversing this operation we may reduce the first 8 fig* 
ores of the decimal of a pound, back to shillings^ pence and fiuth- 
ngs; thus, 

Ex. 1. Reduce .875£ to shillings and pence. 

.8 £=168. 

.05 £= Is. 
.025£= 6d. 



.% .875£ = 17s. 6d. Hence, 

To reduce t first 8 figures of a decimal of a pound to shil- 
lings, pence an arthings, bj inspection. 

Rule. — JJo^ 9 the tenths for shillings ; if the hundredths th 
5 or tnore^ add th other shilling ; then^ after the .05 is deducted 
the remaining figures of the U and Sd places, abating 1 when 
the remainder is 12 or morsy and 2 when 36 or more, will repre- 
sent the farthings, which may he reduced to pence and fctrthings. 

2. Reduce .784£ to shillings, pence and farthings. 

Ans. 15s. 8d. Iqr. 

3. Reduce .247£ to shillings, pence and fieurthings. 

Bastes. 

413* Barter is an exchange of commodities in trade. 

Questions in barter are solved by analysis. 

Ex. 1. How much coffee, at 25c per pound, must be given in 
exchange for 300 pounds of sugar, at 15c per pound ? 

Ans. 1801b. 

2. How many bushels of oats, at 50c per bushel, are equal if 
value to 1000 bushels of wheat at $2.37 J per bushel? 

Ans. 4750 
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3. A has flour worth $10 per barrel; bat, in exchangiiig it 
with B, for broadcloth, he asks $12. Now, B's broadcloth being 
worth $4 per yard, what shall he charge for it that he may not 
suffer lass ? Ans. $4.80 per yard. 

4. G has 1 93g^ pounds of tea, worth 62^ per pound, which 
he will put at dG^c provided he can get coffee, worth 25c. per 
pound, for 23c. Does he gain or lose, and what per cent. ? 

Ans. Loses 2 per cent. 

Practice. 

413. Practice is a mode of finding the value of any number 
of articles at any price, by assuming the value >* the whole or t 
part, at the given or some other price, and tht modifying the 
assumption according to circumstances. 

Ex. 1. What is the value of 9a. dr. 20rd. ol md, at $40 per 
. ere? 

$40 
9 

$360 = value of 9a. 
20= « « 2r. = Ja. 
10= " « lr. = Jof2r. 
6= « « 20rd. = Jr. 



$395 = « " 9a. 3r. 20rd., Ans. 

2. What is the value of 356 barrels of iic'ur, at $9| per bar 
rel? 

$3560 = value at $10 
178 = « « $i 

$3382= « " $9J, Ans. 

Series. 

41 4* A series consists of 3 or more terms, foDowiog ead 
other in accordance with some law (109*). 

41S* An infinite series is one which is without end. 
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416* Tbe sum of an ascending infinite series is infinite ; L 
e. great beyond limits. 

4:17s The sum of a descending infinite series in geometrical 
progression, may be found by the role in Art. 363, except that 
in the ir^uite series the least term may be considered 0, and .*. 
dibregarded. 

A quantity that is small beyond any determinate limits is an 
xnfimtesimal ; as, e. g. the smaller terms of a descending infin* 
kte series. 

Ex. 1... What is the sum of the infinite series, 6, 2, J, |, etc. ? 

6-^2 = 3; and3-f-6 = 9,Ans. 

2« What is the sum of the infinite series, 1, ^, ^, etc. f 

Ans. 2. 

3. What is the sam of the infinite series, A, yj^^, -nAnF' ®^^ 

Ans. ^. 

418* There are various methods of finding the sums of dif- 
ferent series, but they are Algebraic and cannot be investigated 
in this treatise. Rules for summing two species of series, only, 
will be given here. 

(a) To find the sum of the squares of any number of terms 
in the natural series, 1, 2, 3, 4, etc. 

Rule. — MidUply ij^e number of terms in the series hy that 
number plus one ; then mukiplt/ the product by twice the number 
phis cncy and ^ of the product wiU be the sum sought. 

Ex. 1. What is the sum of 12 terms of the series, 1^ 2*, 8*, 
efcc? 

12X(12 + l)X(24 + l)^ 



2. What is the sum of 12 terms of the series, 6^, 7^, 8s, etc. ? 

Ans. 1730. 

The rule is not directly applicable to this example, but we 
must get the sum of 17 terms of the series, 1*, 2^ 32, etc., and 
also of 5 terms, and the difierence of these sums will be tha 
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Bum sought A practical application of this rule is in finding 
the number of cannon balls in a square pile, e. g. 12 balls on a 
side in the lower layer, then 11 in the 2d lajer, 10 in the 3d, etc. 

(b) To find the sum of the cubes of any number of terms in 
the natural series, 1, 2, 3, etc, 

Rule 1. — Multiply the number of terms plus one^ hy half the 
number of terms, and square the product ; or, 
Rule 2. — Square the sum of the terms* 

Ex. 1. What is the sum of 8 terms of the series, 13, 2*, S^* 

etc? ^ 

(8 -I- 1) X 4 = 1296, Ans. 

2. What is the sum of 8 terms of the series, 5*, 6*, 7*, etc ? 

Ans. 5984. 
Are the rales directly applicable to this example J 



§47. CIRCULATING DECIMALS. 

41rl9« A CiBCULATiNQ DECIMAL (157, c) is a decimal in 
which a certain figure or a succession of figures is repeated oyer 
and over again, perpetually. ^ 

430* Such a circulate or repetend is obtained by reducing f 
vulgar fraction to a decimal (158) whenever there is any prime 
factor except 2 and 5 in the denominator and not in the numera- 
tor ; e. g. I = .1111 etc ; the 1 to be repeated perpetually. | 
= .7777 etc ^r = .727272 etc /^ = .123123, etc 

4:31« When only one figure is repeated, it is called a simpk 
repetend; thus, | = .222 etc, a simple repetend. 

433* When two or more figures are repeated, it is a cam^ 
pound repetend; thus, ^j = .7272 etc, a compound repetend. 

433« Instead of repeating a figure, it is written once and a 
point is placed over it, thus, | = .5. If the rep^^^v^nd is ooro 
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pound, fjoints are placed over the first and last figure of the dr' 
culate ; thus, ^^ = .123. 

434* When other decimal figures occur hefore the repeating 
figures commence, it is called a mixed repetend ; thus, ^ = 
•41666 etc = .416, a mixed repetend. The figures preceding 
the circulate are the Jintte part of the expression. 

43S* A perfect repetend is one in which the numher of 
figures in the circulate is one less than the numher of units in 
the denominator of the equivalent vulgar fraction ; thus, j gives 

the perfect repetend .142857 ; ^ gives .084482758620689655- 

1724137931. 

436* There can be no more figures in a repetend than one 
less than the number of units in the denominator of the equiva- 
lent vulgar fraction, reduced to its lowest terms ; for, in dividing 
the numerator by the denominator, each remainder must be less 
than the denominator, and •*. there can never be more different 
remainders than there are units in the denominator, less one ; 
and whenever a remainder like a preceding remainder occurs, 
the quotient figures must begin to repeat. 

437* Since ^ = .1 it follows (by multiplying each member 
of the equation by 2, 8, 7, etc, and transposing the members) 

■ ■ • 

that .2 = }, .3 = {, .7 = 2^ ; L e. a simple repetend is reduced 
to an equivalent vulgar fraction by writing the repetend for a 
numerator and 9 for a denominator. 

438. Since ^ = .61, it follows that .02 = ^, .23 = ||, 
etc Similar reasoning will show us that any compound repetend 
may be reduced to an equivalent vulgar fraction by writing the 
repetend for the numerator and as many 9's as cliere are figuref 
in the repetend for the denominator. 

439t In a mixed repetend the figures preced>ng ^he won 
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late have just the same value they would have if no drcolate 

followed them; thus, in .27, the .2 is -]^; in .153, the .15 is^V^y 
etc Moreover, the value of the circulate is affected hj having 
other decimal figures precede it, just as the value of any decimal 
figure is affected hj having other decimal figures precede it ; 

thus, in .27, the 7 is only ^ as great as in the expression 2.7 ; 

• • • • 

in .153, the 3 is only j^^ a^ great as in 15.3 ; but in 2.7 the 

• • • 

7 is equal to { ; .*., in .27, the 7 is equal to } X tV = 9^ ' ^^^ 

a like reason, in .153, the 3 is equal to ^^, etc Hence, 

4130* To find the value of a mixed circulate, 

BuLE. — Find the value of the finite part and of the repeimUt 
ieparatefyy and add the two together. 

Ex. 1. What is the value of .275 ? 

.275 = .27 + ^4,, = IH + ^«ir = m = i«V» Ans. 

2. What is the value of .42i23 ? Ans. ^%%l 

41r31* Perfect repetends have some very curious propertiea 
which have been very happily presented by 6. R. Perkins, Esq., 
an eminent American Teacher and Author of an able series of 
mathematical works. 

(a) J£ the last half of the figures of a perfect repetend be 
written in order under the first half and added to the figures in 
the first half, the sum will be a succession of 9'8 ; thus, the frac- 
tion ^ = .0434782608695652173913, and this repetend, writ- 
ten and added as suggested, will give 

04347826086 
95^52173 913 

99999999999 

(b) If the remainders obtained in reducing the vulgar frac- 
tion to a repetend be written in the same way and added, each 
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ram will be the denominator of the vulgar fraction ; thus, the 
remainders in reducing ^ are 

10, 8, 11, 18, 19, 6, 14, 2, 20, 16, 22, 

13^ 15, 12, 5, 4, 17, 9, 21, 8, 7, 1 , which, added, 

give 28, 28, 28, 28, 28, 28, 28, 28, 28, 28, 28. 

(c) If we subtract the unit figure of the denominator of the 
vulgar fi-action from 10 and multinlj anj figure of the repetend 
by the remainder, the unit Hiure of the product wiU be the 
unit figure of the corresponding remainder ; thus, 

in ^j = .0, 4, 8, 4, 7, 8, 2, etc, figures of repetend. 
10 — 8 = 7 

0, 8, 1, 8, 9, 6, 4^ etc, unit figures of products and 

remainders. 

(d) The repetend .0484782608695652178918 is not only the 
nrculate equivalent to ^, but also, beginning at different points, 
the same figures in the same order of succession, will be the 

cepetend equal to ^ ^, ^, etc, up to }§ ; thus, ^ = .48478, 
etc, which begins with the 2d figure of the circulate equal to ^. 

m 

Again, ^ = .84782, etc, which begins with the 8d figure of the 
(nrculate equal to ^ ; etc 

It will be observed that the numerator of the firaclion equal 
to the several repetends beginning with the successive figures of 

.048478, etc, is the remainder lefi when the preceding figure of 
the circulate was obtained ; thus, when the first 4 of the circu- 
late was obtained, 8 was the remainder, and 8 is the numerator 

of the fraction equal to the circulate .84782, etc 

433. The following are all the fi-actions whose numerators 
■re a unit and denominators less than 100, which give perfect 
repetends, viz. f , ^, ^, ,^, fy, ^^ ^^ ^ and ^. 

4.33. When many figures in the decimal are required, the 
pfooess may be shortened as follows : — 

25 
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Ex. Reduce ^ to a deciinal fi»ctioii* 

29)li)0(.0d448A 
87 

130 
1 16 

140 
116 

240 
282 

8 

Having continued the operation by the usual mode nntO a 
small remainder is obtained, we write that remainder oyer the 
divisor, and annex the vulgar fraction so formed to the decimal, 
and so obtain 

(1) fy=:z.0SA4S^. Multiplyinjg this by 8, we have 

(2) ^^=.27586^. Substituting this value of ^ in (1), we 
have 

(3) 5V=-0344827586A. Multiplying this by 6, ^vea 

(4) ^=.2068965517|^. Substituting in (3), gives 

(5) 3>5=.03448275862068965517^- Multiplying by 7, w« 
have 

(6) /7=.24137931034482758620}9. • Substituting in (5), we 
have 

(7) A=-0344827586206896551724137931,034482758620}|. 

There will be nothing gained by continuing this process ; fori 
by Art 426, there cannot be more than 28 figures in the drca- 
late. Indeed, it will be seen that the figures begin to repeat at 
the 29th place. 
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S 48. OONTmUED FRACTIONS. 

434* A CONTINUED FRACTION JB a fraction whose numeia* 
lor is a unit and whose denominator is a whole number plus f 
fraction, and this latter fraction has a unit for its numerator and 
its denominator is a whole number plus a fraction, etc^ etc ; thus. 

I 1 

^+I+- 1 

' d-|-, etc^ is a continued fraction. 

43«l. A comm<m fraction maj be reduced to • oontiiiiied 
fraction as follows :-* 

43=2+fi-^ 17=1+1^ ••• i^2+\^ 



9 



^«*^'"9=r+i 

8 



17 
This process consists in, first, dividing both terms of 7^ by 1«. 

17 1 
Che numerator (129)| which gives 70 = 1 o > ^^^ ^ ^^ 

43 ^-p" 



17 


1 


' •'•«= 


^+1 




i+i 




8. 



manner 



9 



.. .1 . . 17 1 

«he exprMOMi 2-1-9 ' ^'^^ 48 ~ 2-|-l 



17 1-1-8 

9, eto^ etc. 



< 
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436. In any oontiniied fraction, g , 1 

9, the several 
simple fracdons are called itUe^al frixcticns because their de- 
nominators are integers ; thus, ^ in the above is the 1st Integra 
fraction ; | is the 2d ; | is the dd ; and ^ is the 4th integral frac 
tion. ^ is also called the 1st approximating or converging frac- 
tion ; ^ , is the 2d approximating fraction, etc., etc. 

1 

4.37* Continued fractions have many remarkable properties 
and important relations to mathematical science. The investi- 
gation of these properties and relations being Algebraic is omit^ 
ted, and a few of them only are here enumerated. 

(a) The numerator of the 2d converging fraction, when re- 
duced to a simple form, is the numerator of the 1st multiplied by 
tiiA denominator of the l2d integral fraction. The denominator 
of ^he 2d is equal to the denominator of the 1st multiplied by the 
2d integral denominator, plus the 2d integral numen»tor. Again, 
the numerator of the Sd convei^ing fraction is equal to the pro- 
h duct of the numerator of the 2d by the 3d integral denominator, 
plus the Ist numerator. The denominator of the Sd is equal to 
the denominator of the 2d multiplied by the Sd integral denomi- 
nator, plus the 1st denominator. 

And, generalfyf of any 8 successive converging fractions, the 
numerator of the Sd is equal to the numerator of the 2d multi- 
plied by the last integral denominator considered, plus the nume- 
rator of the 1st of the 3 converging fractions. The denominator 
of the 3d is equal to the denominator of the 2d multiplied by the 
8d integral denominator, plus the 1st of the 3 converging denomi- 
nators. 

Ex. T^liat are the successive converging fractiims in the oon- 
tii^ fled fraction 
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*+8-|-l 




6+1 




4? 


j-l«t 


1 8 

2+1"^ 




8 




2+1 -87-*^ 




j+l 




5 


1 67 

1+1 =.«=**• 




8+1 




5+1 




4 



(b) The sncoessive oonyerging fractions are alternalrly too 
large and too small ; the 1st, Sd, 5th, etc, too large ; the 2d, 4th, 
6th, etc, too small. The reason is obvious. The 1st denomi- 
nator, 2, is not large enough, .-. the frctciian^ ^, is too large (59, f ). 
The 2d denominator, 3, is not lar^e enough ; •*. ^ is too larger 
and this added to the denominator, 2, makes that dencnninator too 
large and .% the fraction too small, etc, etc 

(c) Any one of the converging fractions differs from the frac- 
tion from which it is derived by less than the square of the re- 

3 
cipFOcal of its denominator; thus,-=- differs from the value>of the 

/1\* 1 
above continued fraction by less than l-=-) ^^=7q* '^^ successive 

Approximating fractions approach nearer and nearer to the true 
«hIuc 

^d) The numerators of anj two successive converging frai^ 

25* 



i 



\ 
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tions, when reduced to a common denominator, differ from eaob 

u u .. .1. 16 8 112—111 1 

otherbyaumt; thu8,3^— ^=-2^^ =— . 

(e) The terms of every approximating fraction are mutually 
prime (94^ a. Note 2). 



§49- CHANGES IN PROPORTION. 

438. The antecedent and consequent of either couplet are 
called analogous terms ; and the two antecedents or the two eom^ 
sequents, homologous terms. 

439* Any change in the order or magnitude of the terms of 
a proportion which does not affect the equaUty of the ratios^ does 
not destroy the proportion. Hence, 

(a) (1) Given 8 : 4 : : 6 : 8 
1) Alternating (1) 8 : 6 : : 4 : 8 

^i' Inverting (1) 4 : 8 : : 8 : 6 

(4; Utemating (3) 4 : 8 : : 8 : 6 

(5) Inverting (1) and transposing couplets 8 : 6 : : 4 : 8 

(6) Alternating (5) 8 : 4 : : 6 : 8 

(7) Inverting (5) 6 : 8 : : 8 : 4 

(8) Alternating (7) 6 : 8 : : 8 : 4 

These 8 forms are all manifestly true proportions, for, in mak- 
ing the changes, we have steadily kept in view the simplest test 
of proportionality (254). 

Can these 4 numbers be written in any other order ? How 
many (879) ? Are the numbers in any of these other orders in 
proportion ? 

(b) If any two analogous terms, or any two homologous teniif 
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oe multiplied or divided by tbe same niimber, the proportioii will 
be preserved ; thus, 

24 : 12 : : 16 : 8 84 : 12 : : 16 : 8 

MultiplTing bj 2 2 S3 

48 : 24 : : 16 : 8 24 : 12 : : 48 : 24 

Agun, 24 : 12 : : 16 : 8 24 : 12 : : 16 : 8 

Dividing bj, 8 3 4 4 

8: 4:: 16:8 24:12:: 4:2 

Again, 24 : 12 : : 16 : 8 24 : 12 : : 16 : 8 

d'822 6638 



72:36:: 8:4 4 : 2 : : 48 : 24 

None of these changes affect either ratio (244, e), •*• the pro- 
portion is preserved. 

Again, 24 : 12 : : 16 : 8 24 : 12 : : 16 : 8 
2 2 3 3 



48 : 12 : : 32 : 8 24 : 36 : : 16 : 24 

Do the above operations affect the taiiosf How? Why 
(244, a and c) ? Do they destroy the proportion f Why (250) ? 
Are there any other ways of multiplying or dividing the terms 
of a proportion without destroying the proportion ? What are 
they? 

(c) If the terms of one proportion are multiplied or divided 
by the corresponding terms of another, the products or quotients 
will be proportional ; thus, 

(1> 12 : 4:: 48:16 

(2) 8 :2:: 4: 1 



: 192 : 16 
: 12 : 16 



(3) The terms of (1) X by those of (2), 96 : 8 

(4) « « « (1) -L. « « « (2), 1^ : 2 

The reason is plain. In (3) the ratios are compounded of 
equal pairs of ratios, and are .% equal (249). (4) is the reverse 
of (8). 



J 
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CoBOLLABT TO (o). — ^If the terms of a proportion be squaredi 
cabed, etc, or if the 2d, 3d, etc., roots be taken, the powers or 
roots wiU be proportional ; thus. 

If 3 : 2 : : 9 : 6, then 3« : 2» : : 9« : 6«. Why (249, a) ? 

If 100 : 25 : : 36 : 9, then V1<>0 : ^25 : : ^36 : V^. Why? 

(d) If two proportions have a common couplety the remaining 
couplets will constitute a proportion ; for two ratios that are res- 
pectively equal to the same ratio are equal to each other ; thus, 



If 


6 : 3 : : 18 : 9 


or 


.8: 2:: 12:8 


and 


6 : 8 : : 20 : 10 


a.nd 


12: 3:: 16: 4 


then 


18 : 9 : : 20 : 10 


and 


8 : 2 : : 16 : ^ 



Again, if two analogous terms *pf one proportion are like two 
homologous terms of another, then the four remaining terms will 
be proportional ; for, by alternation, the like terms may be made 
analogous; thus. 

Let 12 : 4 : : 15 : 5 ) then by i 12 : 4 : : 15 : 5 
and 12 : 6 : : 4 : 2 j alternation ( 12 : 4 : : 6:2 

A by the above, 15 : 5 : ; 6 : 2. 

The comparison of proportions having like terms may be 
varied in many ways. 

(e) The analogous or homologous terms of a proportion may 
be increased or dimuiished by terms having the same ratio (409), 
without destroying the proportion ; thus, if 20 : 5 and 12 : 3 have 
the same ratio as 4 : 1, then 20 -f 12 : 5 -f 3 : : 4 : 1 and 20 — 
12 : 5 — 3 ; : 4 : 1, etc., etc. 

440. The changes that may be made on the terms of a pn^ 
portion are very numerous, but they are reducible to a few 
and princi]>les ; as, 

(a) By changing the order of the terms, 

(b) By multiplying or dividing by the same number^ 



CHANGES IN PBOFOBTION. 897 

(e) ^ muUiplying or dividing the temu of (me pr^port i an t/ 
tioie of another J 

(Cy Cor.) Bg involving or evolving the termSy 

(d) Bg comparing proportions which have like temu, 

(e) £^ adding or subtracting terms of equal xotios. 

Remark. — A fiuniliar acquaintance with these changes will 
freatlj &cilitate the study of Algebra and the Higher Mathe- 
(oatics. 

441. ^ continued proportion is one composed of several 
ratios, in which the consequent of the 1st ratio is the antecedent 
of the 2d ; the consequent of the 2d, the antecedent of the 3d, 
etc.; thus, 

2 : 4 : : 4 : 8 : : 8 : 16 : : 16 : 32, etc 

443* In continued proportion the number of different quan- 
tities is one greater than the number of couplets and the 1st is to 
the 3d, as the square of any one of the antecedents is to the 
square of its consequent ; the 1st is to the 4th as the cube of 
either antecedent to the cube of its consequent, etc etc ; thus, 
in the continued proportion given above 2 : 8 : : 2^ : 4' or as 4* : 
8*, etc 

Again, 2 : 16 : : 23 : 4* or as 16* : 32», etc 

443. Three or four quantities are in harmonica! or musical 
proportion when the first is to the last as the difference between 
ihe first two is to the difference between the last two ; thus, 20. 
16, 12, and 10 are in harmonical proportion, for 20 : 10 : : 20 — 
16.12 — 10. 

4 44 • If the reciprocals of any arithmetical series of integnu 
numbers be reduced to a common denominator, any three cod- 
Bccutive numei^ators will be in harmonical proportion ; thus, take 
the scries- 2, 5, 8, and 11, whose reciprocals are ^, -J, ^, and |*, 

= ilS) H§' ilS' ^"^ /^) ^^^ ^^6 numerators are in harmonica) 
proportion ; for, 440 : 110 : : 440—176 : 176 — 110 and 
176:80:: 170 — 110: 110 — 80. 
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Again, take 9, 7, 5, 3, 1, whose reciprocals are }, i}, }, ^, f =s 
lih Hi, Hl» lif iih ^^ we have 105 : 189 : : 135 — 105 • 
189 — 135, etc etc. 



150, THE CALENDAR AND CHRONOLOGICAL 

PROBLEMS. 

4i4S« The only natural and obvious divisions of time are 
days, months (moons), and years. Other distinctions, such e. g. 
as hours, weeks, centuries, etc., are artificial, and consequently 
different nations have made different divisions, and dated their 
reckoning from different epochs, and thus there has been very 
great confusion in respect to dates. 

446. The Solar Year is the time occupied by the earth ir 
making one revolution in its orbit, as, e. g. in passing from thv 
vernal equinox (the time of equal day and night in the spring) 
round to that point again. 

447. The most ancient nations, by noting the time when a 
vertical rod, called the stylus, cast the shortest shadow at noon in 
luccessive years, discovered that the solar year consisted of 365 
entire days ; but, by the aid of modem science, the year is found 
to consist of very nearly 365 days, 5 hours, 48 minutes, and 
49.62 seconds. 

448. Now, if a year were just 365 days, and the stylus cast 
the shortest shadow on the 21st of June this year, it would do 
the same each succeeding year, perpetually ; but as a year is 
nearly 365{ days, the shortest shadow, after the lapse of four 
years, would not be cast until June 22d, and not until June 2dd 
*** 4 J oars more ; and thus the summer solstice, (the time of th« 
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thortest shadow,) would occur on eveiy successive day in th« 
year. 

449* To avoid this confusion, the Roman Emperor, Julius 
Caesi.T, in the year 46 before Christ, introduced a day in Febru- 
ary evt^y 4th year, and thus made every fourth year (bissextile or 
leap yeak) consist of 366 days ; but this correction was too great 
by more than 1 1 minutes a year, and consequently in about 1 29 
years tlie summer solstice would occur one day earlier, say June 
20th, aud in 129 years more it would occur June 19tli, and so on. 

4«]^0« At the time of the Council of Nice, A. D. 325, the 
venial equinox was known to be on the 21st of March ; but, by 
following the rule given by CaBsar, making every 4th year consist 
of 366 days, the Calendar had been deranged 10 days before the 
time of Pope Gregory XIII, who, in the year 1582, to restore 
the equinox to the 21st of March, decreed that the year should 
be brought forward 10 days, by calling the 5th of October the 
15th, and the succeeding days in order, 16111, 17th, etc., and, to 
prevent similar confusion afterwards he made this 

RuLE^ — Every year whose number is divisible by 4, except 
those divisible by 100 and not by 400, shall consist o/* 366 days 
and all others ofdQd days. 

4S1« A Julian period of 400 years is thus three days longer 
than the same period by the Gregorian rule ; but this is not 
quite so much as tlie actual difference between 400 Julian and 
400 solar years ; for 400 Julian years are 146100 days, while 
400 solar years are 146096.896 ;f days, and 146100—146- 
096.896 = 3.1+. Thus even a Gregorian period of 4000 
years is a little more than 1 day longer than 4000 solar years. 
Had Gregory extended his rule by making the years 4000. 8000, 
etiUy to consist of 365 instead of 366 days, as they now do by hb 
niie, the error would be less than 1 day in 100000 years. 

4S3t Dates by the Julian Calendar are in old style (0 S.), 
and those by the Gregorian are in new style (N. S.). 
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4S3. England did not adopt the correctloB made bj Gre^orj 
until 17'52, when the error in the Julian Calendar was 1 1 dajs. 
Then, by act of Parliament, the year was brought forward 11 
days, by calling the 3d of September the 14th, and by the same 
act the year, which had commenced on the 25th of March, was 
made to commence on the 1st of January, thus making the year 
1751 consist of only about 9 months. 

4iS4:« In consequence of correcting the calendar, English dates 
in old style and new, differ from each other not only in the day of 
the month, but, for that part of the year preceding March 25th, 
they also differ in the number of the year ; e. g. Washington 
was bom Feb. 11, 1731, O. S., but, by new style, the date 
would have been Feb. 22, 1732, and it is usual, in such cases, to 
write both years; thus, Feb. 11, 1731-2, O. S.; or thus, Feb. 
H,173J. 

^SS» In constructing a calendar, the first problem is to oon- 
nect the week with the t/ear ; i. e. to find the day of the week 
corresponding with any given day of any year. To do this the 
first 7 letters of the alphabet are used, A to designate the 1st 
day of Jan., B, C, D, E, F and G for the 2d, 3d, 4th, 5th, 6th 
and 7th, and then A is repeated for the 8th and so on through 
the year. Consequently, one of these 7 letters must stand for 
Sunday. This letter is called the Sunday Letter or Ihmtmcal* 
Letter ; thus, if Jan. begins on Sunday, A is the dominical letter 
for that year ; if Jan. begins on Monday, the 1st Sunday will be 
the 7th day, and .*. G, the 7th letter, will be the dominical letter ; 
etc, etc. Now, Jan. 1, 1854, was Sunday, and .*. A was the 
dominical letter for 1854 ; and as a common year consists of 52 
weeks and 1 day (= 365 days), 1854 also closed on Sunday: 
hence, 1855 began on Monday and G was the dominical letter 
for 1855. Again, 1855 being a common year, closed on 'Mon- 
day, and 1856 began on Tuesday, and .-. F was its dominioiJ 



* Dmnuiical, from the Latin dominus, lord. 
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letter. ThuA, if every year consisted of 52 weeks and 1 day 
the dominical letters for successive years would be the 1st 7 
letters of the alphabet in retrograde order, 6, F, £, D, C, B, A; 
but, as 1856 was leap year, it consisted of .52 weeks and 2 days, 
and .*. closed on Wednesday instead of Tuesday and consequently 
1857 came in on Thursday, and D, instead of £, is the dominical 
letter for 1857. 

Thus tliere is a break in the order of the dominical letters 
once in 4 years, and the series cannot return to its first state 
(L e. the same days of the months return to the same days of the 
week) until 4 times 7 or 28 years, and even this order of succes- 
sion, in the Gregorian calendar, will be broken at the close of 
the century, because the hundredth year, though divisible by 4, 
is yet a common year (unless divisible by 400), and the usual 
break at the end of every 4 years will therefore not occur ; but 
this is easily obviated by a correction at the beginning of the 
century. 

4LSMm It is customary to assign two dominical letters to each 
leap year, one for Jan. and Feb. and the next preceding letter 
of the alphabet for the rest of the year. This may be explained 
by designating the 28th and 29th of Feb. by the same letter ; 
thus, in 1856, F is the dominical letter for Jan. and Feb., and .% 
Thursday, the 28th of Feb., is designated by C, and if Friday, 
the 29th, is also represented by C, then Saturday, March 1st, 
will be repres'ented by. D and Sunday by E. The dominical 
letter for the greater portion of leap year is the one determined 
in the following table^ 

4S7. This table was prepared by Samuel Maynard, an 
English mathematician, and by it we may readily find the domi- 
nical letter for any year and also the day of the week for any 
day of the year, both for old style and new, before and aftei 
Christ, supposing these styles extended backward U) the bugio 
oing of time and onward indefinitely. 

26 
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4US8* By this table may be obtained : — 

(a) The day of the week when the year, month and day H 
the month are given ; thus, 

On what day of the week was June 17, 1857 ? 

Look for the year, 57, in the left division of the table ; then 
pass to the right to the century column, 2, N. S., A. C, and find 
D for the dominical letter ; then find D in the line marked June 
and pass down that column until, against 17 in the days of thf 
month, stands Wedneiday, Ans. 

(b) The days of the month which occur in any given year 
month and day of the week ; thus, 

Thursday occurred on what days of May, 1857 ? 

Having found D, the dominical letter for 1857, take D in the 
bame line with May, and pass down the colunm to Thursday, 
against which are found the 7th, 14th, 21st and 28th, Ans. 

(c) The years of a century in which any particular day of a 
i^ven month, a given day of the week occurs ; thus. 

In what years of the 19th century does Friday occur on the 
l2thof June? 

First look in the line of the 12th of the month, near the bottom 
of the table, and find Friday ; then ascend that column to the 
line of June, where D is found ; take D in the century column, 
2, N. S., A. C, and at the left will be found 1, 7, 12, 18, 29, 35, 
40, 46, 57, 63, 68, 74, 85, 91, 96, Ans. 

(d) In what months a particular day of the month occurs on a 
given day of the week in a given year ; thus, 

In wliat months of 1857 does Tuesday occur on Jie 3d of the 
month ? 

Having found D to be the dominical letter ror 1857 in the 
same line with 3, near the bottom of the tabl^ find Tues^lay , 
ascend that column to D, the dominical letter, against which lincl 
?eb., Mar. and Nov., Ans. 
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4«S9 From the above it will be seen that, in any giyec oen* 
turj, if any 3 of the 4 particulars, the year, month, day of th« 
month and day of the week, be given, the other 1 can be found 
exactly or it can be limited to one of a few. 

40O. Ex. 1. What was the dominical letter for 1825, N. S^ 
A. C. ? 1825 -1. 400 = 4 and a remainder of 225. 

Under 2 centuries N. S., A. C, and against 25 on the left wiU 
be found B, the dominical letter for 1825, Ans. 

2. What was the dominical letter for 301, N. S., B. C? 

Under 3 centuries N. S., B. C, and against 1 on. the right 
under N. S., will be found C, Ans. 

3. Find the dominical letter for 1751, O. S. 

1751-7- 700 gives a remainder of 351 and this gives F fixr 
dominical letter, A. C, and G for 1751, B. C, Ans. 

4. Give the day of the week corresponding to Sept 6, 1777, 
N. S., A. C. 

1777 JL^ 400 gives a remainder of 177 for the tabular date. 
Under 1 century, N. S., A. C, and against 77 on the left is found 
£, the dominical letter. Under E in the line of Sept. and against 
the 6th day of the month, near the bottom of the tabley is Saiur' 
iof/y the day of the week required, Ans. 

5. Give the day of the week for Nov. 18, 1816, N. S., A. G 

Ans. Wednesday. 

6. Also for Feb. 29, 1816, N. S., A. C. Ans. Thursday. 

NoTB. — In Ex. 6, take F, the Sunday letter, in the Ime of fsb. 

7. Give the day of the week for April 1, 1725, O. S. 

Ans. Thursday, A. C, and Friday, B. C. 

On what day of the week did each of the foliowinp" evenU 
occur, viz. : — 

8. The embarkation of Columbus from Palos, Aug. 3, 1492, 
O. 8.? Ans. Friday. 

9. The discovery of San Salvador, Oct 12 1492? 

Ans. Friday. 
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10. The discovery of the American continent by Cabot, Joty 
8y 1497, O. S. ? Ana. Monday. 

11. The setdement of Jamestown, May 13, 1607, O. S.? 

Ans. Wednesday. 

12. The settlement of Plymonth, Dec. 21,* 1620, N. S. ? 

Ans. Monday. 
18. The battle of Lexington, April 19, 1775 ? 

Ans. Wednesday. 

14. The battle of Bnnker Hill, June 17, 1775? 

Ans. Saturday. 

15. The Declaration of Independence, July 4, 1776? 

Ans. Thursday. 

16. The surrender of Burgoyne, Oct. 17, 1777? 

Ans. Friday 

17. The surrender of Comwallis, Oct. 19, 1781 ? 

Ans. Friday* 

18. The /inauguration of Washington, April SO, 1789? 

Ans. Thursday 

19. Thf batUe of New Orleans, Jan; 8, 1815 ? 

Ans. Sunday. 

20. The battle of the Nile, Aug. 1, 1798 ? 

Ans. Wednesday. 

21. The battle of Cape Trafalgar, Oct. 21, 1805 ? 

Ans. Monday. 

22. The battle of Waterloo, June 18, 1815. 

Ans. Sunday. 

23. The battle of Borodino, Sept 7, 1812 ? 

Ans. Monday. 

24. The battle of Churubusco, Aug. 20, 1847 ? 

Ans. Friday. 



* The landing of the Puritans is celebrated Dec. 22d ; bat it is knom 
that they landed on Monday, Dec. 11, O. S. Now, the Julian and Gregoriaji 
calendars agreed A. D. 200, and it is easy to prove that the error in the 
Julian calendar, in 1620, was but 10 days, and also that De^.. 21 st, and na 
t2d. 1620, was Monday. 

26« 
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25. An elderly hdy says she was bom on the last Tuesday 
of May, 1775, N. S., A. C; required the day of the month? 

Ans. 30th. 

26. In what years of the 19th century, N. S., A. C, does the 
29th of Feb. faU on Thursday ? Ans. 1816, 1844 and 1872. 

27. In what years of the 19th century, N. S., A. C, is the 
29th of Feb. on Friday? Ans. 1828, 1856 and 1884. 

On what days of the week were the following births and 
deaths, viz.: — ^ • 

28. Shakspeare, bom April 23, 1564; died April 23, 1616^ 
0. S. ^ Ans. b. Sunday ; d. Tuesday. 

29. Milton, b. Dec 9, 1608 ; d. Nov. 8, 1674, O. S.? 

Ans. b. Friday ; d. Sunday. 

30. Byron, b. Jan. 22, 1788 ; d. Apr. 19, 1824, N. S. ? 

Ans. b. Tuesday ; d. Monday. 
81. Whitefield, b. Dec. 16, 1714, O. S. ; d. Sept 30, 1770, 
N. S. ? Ans. b. Thursday ; d. Sunday. 

32. Jonathan Edwards, b. Oct 5, 1703 ; d. March 22, 1758, 
O. S.? 

33. Sir Matthew Hale, b. Nov. 1, 1609; d. Dec. 25, 1676, 

O. S.? 

34. Lord Bacon, b. Jan. 22, 1561 ; d. Apr. 9, 1626, 0. S. ? 

35. Sir Isaac Newton, b. Dec 25, 1642 ; d. Mar. 20, 1727, 
0. S.? 

86. Martin Luther, b. Nov. 10, 1483 ; d. Feb. 18, 1546, 0. S. ? 

87. Cromwell, b. Apr. 25, 1599 ; d. Sept 3, 1658, O. S. ? 

38. Napoleon, b. Aug. 15, 1769 ; d. May 5, 1821, N. S. ? 

39. Washington, b. Feb. 11, 17.^1, O. S.; d. Dec 14, 1799, 
N.'S. ? 

40. Lafayette, b. Sept 6, 1757 ; d. May 19, 1834, N. S.? 

41. Lord Chatham, b. Nov. 15, 1708 ; d. May 11, 1778. 

42. Dr. Franklin, b. Jan. 17, 1706 ; d. Apr. 17, 1790, N. S. ? 

43. Noah Webster, b. Oct 16, 1758 ; d. May 28, 1843, N. S. ? 

44. Daniel Webster, b. Jan. 18, 1782 ; d. Oct 24, 1852, N. S. ? 

45. On what day of the week were you born ? 



AFPLIOATIOV TO OKOMSTBT. 807 

46. On what day of the week does jaat birthday occur the 
present year ? 

461* Having found on what day of the week January com- 
mences in any given year, it is easy to determine on what day 
of the week each month commences, by the following couplet : •— ' 

At DoTer DweUs Qeorge Brown Esqiiire, 
Good Carlos Findi And David Friar. 

The initial letters of the several words represent the months n 
their order, the Ist word the 1st month, the 2d word the 2d 
month, etc* Now, if January comes in on Sunday, then D, the 
letter for February, being the dd letter after A, indicates that 
February comes in on Wednesday, B days later in the week. 
In leap years, the months after February come in one day later 



§51. APPLICATION OF ARITHMETIC TO 

GEOMETRY. 

463. Definitions. 

1. A point has neither length, breadth nor thickness, bat 
position only. 

2. A line has lengthy but no breadth or thickness. 

3. A right line^ or ttrcdght line^ extends 
only in one direction from one end of it to 
the other ; it is also the shortest distance between two points. 

4. A curved line constantly changes its 
direction. 

5. A broken Une is composed of two or more 
straight lines. 

Note. — The word line alone usually signifies a ttraight Une* and kh« 
word curve, a curved Une, 
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6. Two paraUel lines are eycrywhere eqnallj 
distant from each other ; .*• thej cannot meet 
if extended. 




7. Two lines are perpendicular to each 
other when they meet so as to form rigJu 
anglei (329, Def. 10). 



8. Two lines are ohiiqtie to each other when 
they meet so as to form (ictUe or obtuse angles 
(329, Def. 10). 

9. > An area, surface or superficies has length and hreadthj but 
no thickness. 

10. Surfaces are plane or curved, 

11. A plane surface is such that, if any two points are as- 
sumed upon it, the straight line joining the points wiU lie whoUg 
upon the surface, 

12. I'wo planes which are everywhere equally distant are 
paraUel. 

13. A curved surface is constantly changing its direction; as, 
e. g., the surface of a globe, the convex snrfa/;e of a cylinder, 
cone, etc 

1 4. A plane figure is a plane surface bounded by straight or 
curved lines. 

15. A polygon is a plane figure bounded by straight. lines. 
Note. — Three straight lines, at least, are reqaircd to bonud a polTgon 

16. The broken line which bounds a polygon is caJl^A thf 
perimeter of the polygon. 

17. A polygon of 3 sides is called a triangle ; of 4 sid^9 a 
fuadrangle or quadrilateral ; 5, a pentagon ; 6, a hexagon ; 7 
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A heptagon ; 8, an octagon ; 9, a fumagon ; 10, a u»«.^om ; 1 1^ 
an ufkkcagan; 12, a dodecagon; etc. 

18. Tr%angle$y with reference to their tidetj are divided in;o 
CArM classes:^ 



Ist SquiUUeralj when the lAr^e sides ar 
equal; 





2d. J$oseele$f when I10O sidee only 
equal; and, 




8d. Scalene^ when the three sides are 
unequaly as A B C. 



19. Triangles J with reference to their angUe^ are also divided 
into three classes : — 

1st. The righi^^mgled triangle^ which has one right-angle ; (p. 
820, Fig. 3). 

2d. The obtuse-angled triangle^ which has one obtuse anglcy as 
ABC, Def. 18 ; and, 

8d. The acute-angled triangle^ which has three acute angleSj at 
Fig. Ist and 2d, Def. 18. 

20. Quadrangles are of three kinds : — 



D 




— E 



1st. ParaUehgramSy each .pair 
of wT^ose opposite sides are parol' 
te., ^ A B C D ; 



i 
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M Trapexaid$^ only one pair of whoa* 
rides are parallel ; and. 



Sd. Trc!pmum»j none of whose sides nit 
paiwUeL 

21. PandldograrM are divided into two classes : — 

1st. Rectangles^ whose angles are all right (p. 221, Fig. 7) 
and, 

2d. OUiqtte'imgled paraUehgranUf whose opposite angles an 
equal, two of them being a^nOe and two obtuse^ a^ A B C D« 
Fig. 1st, Def. 20. 

22. Rectangles are cf two kinds :— - 

Ist The square (p. 221, Fig. 8), which is equilateral ; and, 

2d. The oUong rei^angfe (p. 221, Fig. 7), whose adjaeetU rides 
are unequaL 

23. Oblique-angled parallelograms are cf two kinds }^- 



Ist 7%e rhombus or lozenge^ which ii 
equilateral; and, 



2d. The rhomboid, whose adjacent sides are unequal^ as A B 
C D, Fig. 1st, Def. 20. 

24. A regular polygon is one which is both equilateral and 
squianguUir, 

The equilateral triangle and the square are regular polygons. 

25. Similar polygons have the scone number of angles, all tht 
angles mutually equal, and the equal angles included between 
proportional sides* 
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26. The tqfoihem of a regular pol- 
ygon 18 the perpendicular drawo 
from the center of the polygon to 
the middle of either side, as XL id 
the square, and IK in the octagoo. 



27. 7%0 diagonal of a polygon is a line which joins the Tertioef 
sf two angles that are not adjacent, as AC or AD. 



E 




O 



28. A circle is a plane figure, 
bounded by a curve equidistant 
from a point within, called the 
center. 



29. The circumference of the circle is the bounding curve, 

30. An arc is any part of the circumference, as BAF. 

31. A chord is a line joining the extremities of an arc, as 
BF. 

32. A diameter is a chord passing through the center, as DF. 

33. A radius is the distance from the center to the circumfer- 
ence, as CB, CD, CE, etc. 

34. A segment of a circle is the portion lying between an are 
and its chord, as BAF. 

NoTB. — ^When the chord is diameter, the ore is iemicircumference, and tfv 
segment is semicircle: 

35. A sector of a circle is the portion lying between two rsfi 
and Uieir included arc, as BCD or DC£. 
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36. An e/&jMeis a plane figurb» 
bounded bj a curved line of such 
a form, that the sum of the dis- 
tances of any poirt in the curve 
from two fixed points within, * 
equal to a constant quantity. 



The tUH> fixed points are called -the foci of the ellipse, as H 
and I. 

The constant qiumtity is equal to the longest diameter of the 
* ellipse, viz: AB, the diameter which pcuses through the foci; 
thu8,HD + DI = HF + FI = AB. 

87. The transverse axis is the longest diameter^ AB. 

38. The conjugate axis is the shortest diameter ^ viz : ED, the 
diameter which is perpendictdar to the transverse axis. 

39. A tangent Kne is a line that touches a circle^ ellipse^ or othe^ 
curve in one pointy and which cannot touch it in any other point, 
however far the line may be produced or extended in either di- 
rection, as GE in the circle^ (>ef. 28, and KL or KM in the 
dUpse, 

40. A polygon is said to de inscribed in a drde or ellipse 
when the vertex of each ang 4 is in the hounding curve^ as ABGD, 
etc, Def. 26. 

The circle or ellipse is d an said to be circumscribed about the 
polygon. 

41. A polygon is said t j be circumscribed about a circle or 
ellipse, when each side oj the polygon is tangent to the curvCy as 
ABCD, Fig. 10, p. 222. 

The drde or ellipse is then said to be inscribed in the polygon. 

NoTB. — ^Mathematical points, lines, and snifaoes, exist only in imngin#. 
ck>n, but we use representations of them to aid ns in mathematical inveni 
felons. 
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42. A soUd or bod^f is a figure which has lengthy breadih^ ami 
^kieknesi. 

43. A pritm is a solid that has twe 
similar, equal, parallel &oes, called baee^ 
and all its other &ces parallelograms. 

NoTB. — A prism is triangular, qnadrangnlar, pentagonal, etc., according 
I its bases are triangles, quadrangles, pentagons, etc. 



44. KparaMdopipedon is a prism bounded 
bj six parallelograms. 




If these six parallelograms are reetoNi^ifes, 
the parallelopipedon is recUmgular ; if they are 
eqwd rectangles, it is a cude. 




45. A pgraamd is a solid, having a polygonal face, 
called the hate^ and all its other feces are triangles which 
meet at a common point, called the v&riex of the pyramid. 



46. A right py^ixmid is one whose base is a regular polygon, 
and in which the perpendicular let fall from the vertex to the 
base, passes through the center of the base. 

47. An Mique pyramid is one in which the perpendicular, 
&om the vertex to the base, does not pass through the center of 
the base. 

NoTB. — A pjramid is triangular, quadrangular, etc., according as its 
Vase is a triangle, quadrangle, etc. 

48. A cylinder is a round body whose 
diameter is the same throughout its entire 
length, and whose ends or bases are 
equal, parallel circles. 
27 
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49. A cone is a solid, like a pyrainidy except its 
is a eirde. 





NoTB. — The cone is right or oblique in like manner ^itl iie 



50. The fruitutn of a pyramid or etmB 
is -the part remaining after a portion 
next the vertex has been cut off by a 
plane parallel to the base. 



51. A wedge is a solid bounded bj five plane &seSy one of 
which, called the backj is a quadrangle, and usually a rectangle, 
two of them, called the ends^ are triangles, and the other twow 
called the sides^ are trapezoids or parallelograms. 

The line in which the sides meet is called the edge of the 
wedge. 

Note. — A right wedge has its back and sides recUmgUt, and .*. its ends 
are p&rsllel to each other, and perpendicnlar to the back. 

52. A recUmgvdar pritmoid is a solid resembling the firustum 
of a rectangular pyramid, but differing from it in this, that the 
trapezoids forming its sides, if extended, would not meet in a 
common vertex, but one pair of them would meet before the 
other, and thus form a wedge instead of a pyramid. 

53. A sphere is a solid bounded by a 
curved surface, all parts of the surfaoe 
being equally distant from a point withiiw 
called the center. 

54. A diaimeier of the sphere is a line 
passing through the center, and limited in 
both directions by the 8ur^<#oe. 
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NoTS.— AQ diameters of the tame sphere are eqnaL 

55. A radius or semidiameier of a sphere is the distance firom 
the center to the sur&ce. 

NoTB 1. — All radii of the same sphere are equal. 

NoTB 2. — ^If a plane be passed through a sphere, the section so made 
will be a drde. If the plane passes throngh the center, the section is a 
ipreat circle ; if it does not pass throngh the center, the section is a tmai 
eirde. 

56. A spkertcal iegment is the portion of the sphere cut off by 
a pk^ne, or the portion lying between two parallel secant or cut 
ting planes. 

NoTB 1. — The sections formed bj the secant planes are the bates of the 
segments. 

Note 2. — A Hemisphere is the segment cnt off bj a secant plane passinf 
through the center. 

57. A zone is that portion of the surface of a sphere cut off by 
a secant plane, or the portion included between two parallel 
secant planes. 

58. If two great ctrdes intersect each other upon the surfaol 
of a sphere, they bisect each other ; L e. they divide each othei 
into two eqtuxl parts ; they also have a common diameter, 

59. The portion of the surface included between either pair 
of semicircles is called a hmcj and the portion of the sphere cut 
out by these two semicircles is called an ungula or spherical 
wedge, 

60. If three arcs of great circles enclose a portion of the sur- 
face of a sphere, that portion is a spherical triangle ; if four or 
more arcs enclose a portion of the surface, such portion is a 
spherical polygon. 

61. If planes be passed through the arcs of a spherical triangle 
or polygon, they will pass through the center of the sphere and 
form a solid angle at the center. The portion of the sphere lying 
between these planes is a spherical pyramid 

62. A spherical sector is a portion of a sphere composed of 
a spherical segment and a cone having the same base as the seg 
ment^ and its vertex at the center of the sphere. 

NoTB I. — The segment, in this case, must have but one base 
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Note 2. — ^If the sector is more than a hemisphere the cone mnu/t be siite>oet 
tafiom the segment instead of being added to it. 

NoTB 8. — ^If a smaller sector, concentric with a larger, be taken oat of tiM 
larger, the portion of the larger sector remaining, ie also caUed a sector. 

63. The base of a figure is the side on which it is supposed to 
fttand. 

NoTB. — ^Most figures are said to have tioo bases, an upper and a lower baee, 

64. The aUittide of a figure is its perpendicular hight 

(a) The altitude of a triangle is the perpendicular let &11 upon 
ihe base from the vertex of the opposite angle, as C D, Fig. 11, 
p. 222, or upon the base produced, as C D, Sd Fig., Def. 18. 

(b) The altitude of a parallelogram is the perpendicular dis- 
tance between either pair of its parallel sides taken as bcueSy as 
C E, Ist Fig., Def. 20. 

(c) The altitude of a trapezoid is the perpendicular distance 
between its parallel sides, as D A, 2d Fig., Def. 20. 

(d) The altitude of a pyramid or cone is the perpendicular 
distance yrom its vertex to its base or base produced, 

(e) The altitude of a prism^ cylinder, prismoid, frustum of a 
pyramid or cone, spherical segment or zone is the perpendicular 
distance between its parallel bases. 

(f ) The altitude of a wedge is the perpendicular distance from 
its edge to its bach 

64. The slant hight of a right pyramid is the perpendicular 
drawn from the vertex to either side of the polygon which formn 
the base, 

65. The slant hight of a right cone is the distance from the 
vertex to any point in the circumference of the base. 

66. The slant hight of the frustum of a right pyramid is the 
perpendicular distance between the corresponding edges of the 
two parallel bases. 

67. The slant hight of the frustum of a right cone is the 
shortest distance between the circumferences of its two bases. 

Mensuration of Subfaces and Solids. 

463. The following are the problems in most frequent nee 
Id Mensuration, and the roles given for their solution are aO 
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aasQy proved by Geometrical reasoning. Howeyer, no attempt 
18 made to frove them in this work, though some of them are 
familiarly explained. 

464.* The eqtpraximate ratio of the circumference of a circle 
to itb diameter, 8.141592, is indelibly fixed in the mind of everr 
Greometer, and for this reason free use of it is made in the follow* 
ing rules ; for a like reason, rules depending on obyions and 
easily remembered principles are given in preference to others 
more brief, deduced from Algebraic formulas, which require the 
recollection of many and extended decimals. These shortei 
methods, however, are fi^quenUy given in a second or third rule. 

46tS« Pbob. 1. — ^To find the area of a parallelogram. 
EuLE. — Multiply the hose hy the altitude. 

Ex. 1. What is the area of a parallelogram whose base is 10 
inches and altitude 4 inches ? Ans. 40 sq. inches. 

The reason is obvious in the rectangle A B C D, Art 75. It 
is also apparent in Fig. Ist, Def. 20, that the triangle B C E, 
which is in the rectangle F E C D, but not in the rhomboid, 
A B C D is equal to the triangle A F D, which is in the rhomboid 
but out of the rectangle ; •*. the rectangle and the rhomboid are 
equal ; L e., a/7 paraUelograme that have equal bases and equal 
altitudes have also equal areas, whether they are rectangular or 
oUique-angled ; hence the rule is universaL 

2. What is the area of a parallelogram whose base is 20 rods 
and altitude 7 rods ? Ans. 140 sq. rd. 

3. What is the area of a parallelogram whose base is 2 feet 
«nd altitude 3 inches ? Ans. 72 sq. in. 

4. What is the area of a rhomboidal piece of land whose 
adjacent sides are respectively 87 and 35 rods, provided the per- 
pendicular let fall from the vertex of one angle meets the opf k>- 
site base 21 rods from the adjacent angle at that base, assumin| 
the longer sides for bases ? Ans. 2436 sq. rd. 

4r06. Prob. 2. — To find the area of a triangle. 

27* 
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Rule. — Muktph/ the base by half the altitude^ or half the haw 
hy the altitude. 

Ex. 1. What is the area of a triangle whose base is 10 inches 
and altitude 4 inches ? Ans. 20 sq. in. 

The diagonal of a parallelogram divides it into two equal tri« 
angles whose bases and altitudes are respectively equal to the 
base and altitude of the parallelogram, Fig. 1st, Def. 20 ; i. e., the 
ai'ea of a triangle is one hcdfihe area of a paraUdogram having 
the same base and altitude ; hence the rule. 

2. What is the area of a triangle whose base is 20 feet and 
altitude 7 feet? Ans. 70 sq. fL 

3. What is the area of a triangle whose base is 2 jards and 
altitude 3 feet? Ans. 9 sq. ft. 

4. What is the area of a triangle whose base is 75 feet and 
another side 35 feet, provided the perpendicular from the vertex 
of the triangle meets the base or the base produced 28 feet from 
the angle formed bj the two given sides? Ans. 787^ sq. ft;. 

4r07« YHien the three sides of a triangle are given, its area 
maj be found bj the following 

Rule. — From the half sum of the three sides, subtr(Mct each side 
separately ; multiply together the half sum and three remainders^ 
and the square root of the continued product will be the area 
sought. 

5. The sides of a triangle are 6, 8 and 10 feet; what is its 
area? 

(6 + 8 + 10)-;. 2 = 12; 12—6=6; 12 — 8 = 4; 12 

— 10 = 2; V12 X 6 X 4 X 2 = 24. Ans. 24 sq. «• 

6. The sides of a triangle are, 7, 12 and 15 ; what is its area 

Ans. V^ITOO = 41.23 + . 

4:08. Frob. 3. — ^To find the area of a trapezoid. 

Rule. — Multiply the half sum of the parallel sides by the aki- 

hide, 

Ex. 1. The parallel sides of a trapezoid are 7 and 11 feet and 

!t» altitude 4 f^t ; what, is its area ? Ans. SBsq. ft. 



.^ 
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The diagonal of a trapezoid divides it 
into two triangles whose bases are the paral- 
lel sides of the trapezoid and whose common 
^ altitude is the altitude of the trapezoid ; 
hence the rule. 

^. WLat 18 the area of a trapezoid whose altitude is 6 and 
whose p&irail^l <A?s are 10 and 15 ? Ans. 75. 

4100« Ons important application of this Prob. is the measor* 
ing of a long inegular piece of land, bounded on one side by a 
straight line, as, e. g., a strip Ijing between a railroad and a river, 
running nearly pai'hKsl 

This may be done by vh<d following 

Rule. — Measure the ionff, straight bounding lijie^ divide it 
into a convenient numf^r oj equal parts j and at the points of 
division and extremities oj the line erect perpendiculars and 
extend them to the opposite side of the lot ; then to the half sum 
of the extreme perpendiculars add the sum of all the int^^nediaie 
perpendiculars, multiply this last sum hy one of the equal divi- 
sions of the straight line and the product will be the area, nearly. 

Ex. 8. There is a piece of land 20 rods long, 2 rods wide at 
one end and 4 rods at the other, and at 3 intermediate points 
e(][ually distant from each other it is 8, 4 and 2 rods wide as 
represented in the figure ; what is its area ? 

20 -7- 4 = 5, length of one division. 
(§4-3 + 44-24-1) X5 = 60sq.rd. 

Ans. 

This is upon the supposition that the irregular lot is divided 
into trapezoids, tlie perpendiculars being the parallel sides of the 
trapezoids and one of the equal divisions of the straight bound- 
ing line their common altitude ; thus, the measure of A B I K 

2-J-3 3-1-4 

= —^ X 5 = 12.5 ; B C H 1 = ^-+-^ X 5 = 17.5 j 
• it , 
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CDGH=i^^ X5 = 15; aDdDEFG=^^X 5 

= 15 ; .'. the sum of the four trapezoids, L e. the entire lot = 

12.5 -|- 17.5 -|- 15 -|- 15 = 60 sq.rods ; or it may be represented as 

.2 + 3 , 3 + 4 , 4 + 2 , 2 + 4x ^ _ /2 

ft>"^^«H-T" + "2 "+ 2 +-2 ) X ^ = (2 

4\ 
4-8 + 4 + 2 + ^j X5 = eOsq.rods, as before. 

4. There is a strip of haul 24 rods long, 3 rods wide at one 
end and 5 rods at the other, and at 5 equidistant intermediate 
points it is 6, 4, 7, 5 and 8 rods wide ; what is its area ? 

Ans. 116sq. rods. 

Note I. — ^If the strip comee to a point at one or both ends, then one or 
each extreme perpendicular becomes zero and the role is equally applicable, 
for then one or each extreme trapezoid becomes a triangle. 

Note 2. — If the form of the land is such as to make it more convenient, the 
perpendiculars may be erected at unequal distances from each other, the 
trapezoids and triangles calculated separately, and the sum of their areas 
will be the entire area of the lot. 

470* Pbob. 4. — ^To find the area of any regular polygon. 

Rule 1. — MMply the perimeter of the polygon hy half %tt 
apodiem, 

Ex. 1. One side of a regular hexagon is 10 feet and its apo- 
them is 8.660254 feet, nearly ; what is its area ? 

6 X 10 X A-^-8j^-3J4 = 259.807628q. ft, Ana, 

If lines be drawn from the centre to the vertices of all the 
angles the polygon will be divided into as many equal triangles 
as it has sides, the sides of the polygon being the bases of the 
triangles and the apothem of the polygon being their commom 
altitude ; hence the rule. 

2. Each side of a square is 10 feet and its apothem 5 feet , 
what is its area ? Ans. lOOsq. ft. 

8. A side of a regular octagon is 10 and ita apothem 12.071066 
what is its area? Ans. 482.84272. 
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471* The areas of all similar figures are to each other as 
the squares of their homologous sides (330, 9), •*. we may more 
readily obtain the areas of regular polygons by reference to a 
table in which the areas of the regular polygons are given when 
each side is a unit. 

The following is such a 

TABLE. 



Name. 



Triangle, 

Square, 

Pentagon, 

Hexa^pn, 

Hepta^n, 

Octagon, 

Nonagon, 

Decagon, 

Undecagon, 

Dodecagon, 



No. Sides. 


Apothem. 


Area. 


8 


0.2886751 


0.4330127 


4 


0.5000000 


1.0000000 


5 


0.6881910 


1.7204774 


6 


0.8660254 


2.5980762 


7 


1.0382607 


3.6339124 


8 


1.2071068 


4.8284271 


9 


1.3737387 


6.1818242 


10 


1.5388418 


7.6942088 


11 


1.7028436 


9.3656399 


12 


1.8660254 


1. 1961524 



RuLB 2. — Square one side of the polygon whtse area it 
required, multiply this square by the tahvlar area of the polygon 
having the same number of sides^and the product will be the area 
sought, 

Ex. 4. What is the area of a regular triangle, square, hexagon 

and dodecagon, one side of each being 10 inches ? 

sq. in. 

Triangle = 0.4330127 X 10' = 43.30127 ^ 



Square = 1. 



X 10»= 100. 



Hexagon = 2.5980762 X 10» = 259.80762 
Dodecagon = 11.1961524 X 10'= 1119.61524 



^Ans. 



5. What is the area of a regular octagon, one of whose sides 
is 6 rods ? Ans. 120.7106775 sq. rods. 

6. What is the area of a regular dodecagon whose side is 8 ? 

Aps. 716.5537536 



822 SUPPLEMENT. 

417S* Pbob. 5. — To find the area of a trapezium or of aiij 
irregular poljgou of more tlian 4 sides, 

Rule. — Divide the polygon into triangles hy drawing diagth 
nals from the vertex of one angle to the vertices of all the oppo- 
site angles, and the sum of the areas of these triangles wiU he thi 
area sotight. 

4173. Pbob. 6. — To find the circumference of a circle when 
the diameter is given, 

Bdle. — Multiply the diameter 5y 8.141592, and the produd 
will be th^ circumference, nearly. 

Ex. 1. What is the circumference of a circle whose diameter 
18 10 miles ? Ans. 31.41592 miles. 

2. What is the circumference of a circle whose diameter is 
25 feet ? Ans. 78.5398 feet 

474* Pj OB. 7. — To find the length of an arc of a circle 
containing a given number of degrees, 

Rule. — Find the length of the whole circumference, and then 
say, as 360^ is to the number of degrees in the are, so is the 
length of the circumference to the length of the arc, 

Ex. 1. What is the length of an arc of 45^ in a circle whose 
diameter is 10 inches ? Ans. 3.92699 inches. 

2. What is the length of an arc of 30^ in a circle whose radius 
is 12^ feet ? Ans. 6.5449$ feet 

4:7ff. Pros. 8. — To find the diameter of a circle when the 
circumference is given. 

Rule. — Divide the circumference hy 3.141592, and the quo* 
Hent wiU he the diameter, nearly. 

Ex. 1. What is the diameter of a circle whose circumference 
IB 314.1592 inches ? Ans. 100 inches. 

2. What is the diameter of a circle whose circumference is 
87.964576 bailcjcoms ? An?. 28b.a 
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47'6. Pros. 9. — To find the area of a circle when ita 

diameter is given, 

lluLE 1. — First find the circumference (Proh. 6.), and them 
muU%2dy the circumference hy half the radius. 

This 1 ^e is founded in the hypothesis that a circle is made op 
jf an infinite number of triangles whose vertices are at the cen- 
ter, and whose bases together constitute the circumference ; tliusi 
ui the circle, Def. 26, first inscribe a square B D F H, and then 
a regular octagon ABCDEF6H, and we readily see that the 
area of the octagon is nearer like the area of the circle than that 
of the square is, and the perimeter of the octagon is more neturlj 
equal to the circumference of the circle than the perimeter of 
the square is ; so, also, if the square and octagon be divided into 
triangles by drawing lines from the center to the vertices of the 
angles, the altitude I K of the triangles which compose the octa- 
gon is more nearly equal to the radius of the circle than the 
altitude I L of the triangles that compose the square is ; and the 
more sides there are to the inscribed polygon, the more nearly 
will the altitude, the sum of the bases and the sum of the areas 
of the triangles, respectively, approach to the radius, the circuit* 
Terence and the area of the circle ; hence the correctness of the 
rule. 

Ex. 1. What is the area of a circle whose diameter is unity i* 
Since the diameter is 1, the circumference is 3.141592 (330« 
3) ; .-. 3.141592 X i = .785398, Ans. 

2. What is the area of a circle whose radius is unity ? 

3.141592 X 2 = 6.283184 = circumference; 6.283184 X| 
= 3.141592 = area, Ans. ; i. e., when the radius is unity, the 
area of the circle is expressed by the same figures that indicate 
the ratio of the circumference to the diameter. 

4:77* Now, since th ^ areas of circles are to each other as the 
squares of their diameters, or as the squares of their radii (330 ^), 
we have from the two preceding examples. 
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To find die area of a drde, 

BuLE 2. — MuUipfy the square of the HameUr hy the deeimuk 
785398 ; or, 
Rule 8. — MuUiply the equare of the radius hy 3.141502. 

EIx. 8. What is the area of a circle whose diameter is 19 
i«iche8 ? Ans. 78.5398 ^. in. 

4. What 10 the area of a circle whose diameter is 5 rods ? 

Ans. 19.63495 sq.rd. 

5. What 18 the area of a circle whose radius is 100 miles ? 

Ans. 31415.92 gq. miles. 

6. What is the area of a circle whose radius is 25 yards ? 

Ans. 1963.495 sq. yards. 

4:78. Prob. 10. — To find the area of a circular sector, 

Rule 1. — First find the area of the whole circle^ and then 
vay, as 360^ is to the number of degrees in the arc of the sector j 
90 is the area of the circle to the area of the sector ; or, 

Rule 2. — First find the length of the arc of the sector, and 
then multiply this length by ^ the radius. 

Ex. 1. What is the area of a circular sector whose arc is 90® 
in a circle whose diameter is 10 feet ? Ans. 19.63495 sq. ft 

2. What is the area of a sector whose arc is 120% in a circle 
whose radius is 100 miles ? Ans. 10471.97^ sq.m. 

470. Pbob. 11. — To find the area of a circular segment, 

Role. — Find the area of a sector having the scone arc as the 
segment, also of a triangle formed by the chord of the arc and 
the two radii of the sector, and then take the triangle from the 
sector if the segment is less than semicircle, and add the two 
together if it is greater, 

Ex. 1. What is the area of a circular segment whose arc u 
120^ in a circle whose radius is 100 miles ? 

Ans. 6141.846^ sq.m. 
2. AYhat is the area of a segment whose arc is 60® in a circle 
radius is 100 miles? Ans. 905.85 9|isq.ni. 
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480. Pbob. 12. — To find the area of a circle when ita 
drcumfercnce is giyen, 

BuLE. — Find the diameter hjf Prob. 8, and the area hjfProk 9. 

Ex. 1. What is the area of a circle whose circumference is 
814.1592? 

814.1592 -^ 3.141592 = 100, the diameter. 
.785398 X lOOS = 7858.98, the area, Ans. 

■2. What is the side of a square whose area is equal to that of 
a circle whose circumference is 87.964576 miles? 

Ans. 24.814 miles. 

481. Pbob. 13. — ^The diameter of a circle being given to 
find the side of an inscribed square, 

KuLE.- ^Extract the equate root of half of the square of the 
diameter. 

The diameter A C divides the inscribed 
square into two equal right-angled, isos- 
celes triangles, of which A is the hy- 
pothenuse, .-. A C» = AB» + B C» = 2 




AB»,.-.AB«=^andAB= ^ 

2 N 2 

and this is the enunciation of the rule. 

Ex. 1. The diameter of a circle is 20 inches ; what is the side 
of the inscribed square ? 
20' = 400 ; 400 -^ 2 = 200 ; and ^200 = 14.142 inches, Ans. 

2. The diameter of a circle is 25 ; what is the side of the in- 
scribed square ? \/^" = \/312.5 = 17.677, Ans. 

3. What is the side of the greatest square stick of timber that 
can be hewn from a cylindrical log 40 inches in diameter ? 

Ans. 28.284 inches. 

4. The circumference of a circle is 314.1592 ; what is the 
side of the inscribed square ? Ans. 70.71. 

483. Pbob. 14. — Having given the diameter of a circle tci 

28 
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find the side of a regular inscribed hexagon and of an equiUteiml 
triangle, 

Rule 1. — Hie raditu of the circle is equal to the tide of the 
hexagon and the square root of three times the square of the radius 
is equal to the side of the triangle. 



B 



G 



The radius of the circle being equal 
to the side of the hexagon, A B D I, is 
a rhombus, and A B, B D, D I, and I A 
are each equal to I B. Now it is easily 
proved by Geometry that the sum of the 
squares of the four sides of a parallelo- 
gram is equal to the sum of the squares 
jj of its two diagonals ; .•. A B* -f~ ^ ^^ 
+ DI24-I A«=IB« + AD^ i. e. 
4 A B» or 4 I B2 = I B« + A D'; .-. 

' 3IB« = AD» and AD = ^3IB«, 

which agrees with the enunciation of the rule for finding the side 

of the inscribed equilateral triangle. 

Ex. 1. What is the side of the regular inscribed hexagon and 
of the equilateral triangle, the diameter of the circle being 10 
feet? 

Side of hex£^on = 5 feet, 




= ^75£t| 



Ans. 



Side of triangle == ^3 X 5^ 

Again,if AI = 1 then I H =.5 and AH = ^AI^— I H» 

= ^1^ — .5« = ^.75 = .8660254 and A D = 1.7320508 ; .-^ 
sines all like lines of similar figures are proportional (330, 9), 
we may find the side of the inscribed equilateral triangle by 

Rule 2. — Multiply the diameter of the circle by the decimal 
8660254; (yr, 

Rule 3. — Multiply the radius of the eirde by 1.7320508. 

Ex. 2. A round log is 24 inches in diameter ; what is the side 
of the greatest equilateral triangular beam that may be sawn 
horn it? Ans. 20.784o in. 
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S. The dicomferenoe of a ctrde is 87.964576 ; what, u the 

ride of the inscribed regular hexagon and triangle ? 

Hexagon 14 ) ^^ 

Triangle 24.2487112, j^*^^ 

483. Pbob. 15. — ^To find the area of an ellipse, 
KuLB. — MuUiply the product of the semi-axes hy 8.141593. 

KoTB. — ^The proof of this rale is found in Conic Sections ; howerer, it if 
perfectlj analogous to the 3d rale, Prob. 9, for finding the area of a circle ; 
for the distance from the center of the ellipse to either focns is tiw eooen- 
tridty of the ellipse, and as this eooentricity becomes less, the ellipse mors 
nearly approaches a circnlar form until, when the eccentricity becomes 0, 
the ellipse becomes a circle, and then the product of the iemi-axea becomee the 
9gtiare of the radius. 

Ex. 1. The transverse axis of an ellipse is 20 inches and the 
conjugate axis 16 inches ; what is its area? 

^X^X 3.141592 = 251.32736 sq. inches, Ans. 

2. The axes of an ellipse are 30 and 18, what is its area? 

Ans. 424.11492. 

8. The semi-axes of an ellipse are 12 and 10, what is its area? 

Ans. 376.99104. 

484. Phob. 16. — ^To find the convex surface of a right 
prism or of a right cylinder. 

Rule. — Multiply the perimeter or circumference of the hose by 
the altitudif of the solid. 

Note 1 . — This nile is evidently true for the prism, from Prob. 1 ; and it 
b equally tme for the cylinder, since the convex surface of the cylinder is 
made up of an infinite number of rectangles. 

Note 2. — If the entire surface of the solid is required, the area of the two 
bases must be added to the convex surface. 

Ex. 1. WTiat is the convex surface of a right prism whosf 
altitude is 40 inches, :ind the perimeter of whose base is 60 
inches ? Ans. 2400 sq. in. 

2. Wiiat is the entire surface of a right prism whose altitude 
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18 10 and whose base is a regular hexagon, having unity for il 
(Side? Ans. 65.1961524. 

3. What is the convex surface of a right cylinder whose alti- 
tude is 12 inches and the circumference of whose base is 18 
inches? Ans. 216 sq. in* 

4. What is the entire surface of a right cylinder whose altitude 
18 25 inches and the radius of whose base is 5 inches ? * 

Ans. 942.4776 sq. in. 

5. What is the convex surface, what the surface of the two 

bases, and what the entire surface of a right cylinder whose alti^ 

ftude and diameter is each 4 feet ? sq. ft. 

Convex surface = 50.265472 ) 

Surface of two bases = 25.132786 >• Ans. 

Entire surface = 75.398208 ) 

Remark. — The cylinder in Ex. 5 will evidently ctrcunucrtbe 
ft sphere of 4 feet diameter and the base of the cylinder is equal 
to a great circle of this sphere. It will also be observed from the 
answer to Ex. 5 that the surface of the two bases is just ^ the 
convex surface of the cylinder, and .*. that the surface of one base 
is i the convex surface of the cylinder ; hence the entire surface 
of the cylinder is just 6 great circles of the inscribed sphere. It 
is also easily proved that the surface of the sphere is equal to 4 
great circles ; hence the surface of the sphere is equal to the con^ 
vex surface of the circumscribing cgUnder and the surface of the 
sphere is to the entire surface of the cylinder as 4 to 6, i. e., as S 
to 3. The solidity of the sphere is also to the solidity of the 
cylinder in the same ratio, viz., 2 to 3. 

N. B. The learner will observe that only those cylindera 
whose diameters and altitudes are equal, can have inscribed 
spheres t hence these relations of surfaces and of solidities hold 
only in such cylinders. 

485. Peob. 17- — ^To find the convex sur&or of a right 
pyramid or of a right cone, 

Rule. — Multivly the perimeter or circumference of the base b^ 
half the slant higkt of the solid 
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NoTB l.-<-If tlie entire surfiMe is detized, add the area of the base 

NoTB 2. — This is but an application of Prob. 2. The convex snrfaoe oi 
the cone is made np of an infinite number of triangles whose vertices are at 
the apex of the cone, and whose bases make np the circumference of the 
base of the cone. 

Ex. 1. What is the convex snrfaoe of a right pyramid whos« 
■lant %ight is 18 inches and the perimeter of whose base is 27 
inches ? Ans. 243 sq. in. 

2. What is the entire surface of a right octagonal pyramid 
whose slant hi^t is 20 feet, and each side of whose base is 2 
feet ? Ans. 179.3137084 sq. ft. 

3. What is the convex surface of a right cone whose slant 
hight is 30 yards and the circumference of whose base is 24 
yards ? Ans. 360 sq. yd. 

4. What is the entire surface of a right cone whose slant 
hight is 60 inches and the radius of whose base is 50 inches ? 

Ans. 17278.756 sq. in. 

480. Pbob. 18. — ^To find the convex sur&ce of the frustum 
of a right pyramid or of a right cone. 

Rule. — MvMply the half turn of the perimeter- or circumfnr* 
mtces of the two bases by the sUmt hight of the solicu 

NoTB 1. — ^If the entire surface is wanted, add the areas of the two bases. 

NoTB 2, — This rule is an application of Prob. 3. The convex surface of 
the frustum of a cone is composed of an infinite number of trapezoids whose 
longer bases make up the circumference of the lo^er base of the frustum 
and whose shorter bases make up the circumference of the upper base. 

Ex. 1. What is the convex surface of the frustum of a right 
pyramid whose slant hight is 6 feet and the perimeters of whose 
bases are 5 and 15 feet ? Ans. 60 sq. fit. 

2. What is the entire surface of the frustum of a right penta 
gonal pyramid, one side of the lower base being 4, one side of 
the upper base 2, and the slant hight 7 ? 

Ans. ia9.40954a 
2«* 
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8. What is the convex surface of the frustiim of a right oona 
whose slant hight is 27 inches and the circumferences of whose 
bases are 33 and 27 inches ? Ans. 810 sq. in. 

4. What is the entire surface of the frustum of a right cone 
whose slant hight is 25, the circumference of whose lower base 
is 314.1592 and the radius of the upper base 40 ? 

Ans. 1)^949.1092. 

4:87* Pbob. 19. — ^To find the surface of a sphere. 

Rule. — Multiply the circumference hy the ditkneter. 

Note. — The surface of a sphere equals 4 great circles of the same sphere 
(Prob. 16, Remark), and, as we find the area of a circle bj multiplying the 
circumference by ^ radius or X diameter (Prob. 9, Rule 1), so we find the 

surface of the sphere bj the above rule. 

Ex. 1. What is the surface of a sphere whose radius is 50 
inches ? Ans. 31415.92 sq. in. 

2. What is the surface of a sphere whose circumference is 
87.964576 feet ? Ans. 2463.008128 sq. fit. 

3. Suppose our earth to be a sphere whose radius- is 4000 
miles, what is its surface ? Ans. 201061888 sq. miles. 

4. What is the surface of the sun, supposing it to be a sphere 
whose diameter is 896000 miles ? 

Ans. 2522120323072 sq. miles. 

4:88. Prob. 20. — To find the area of a spherical zone, 

Rule. — Multiply the circumference of a great circle hy tkk 
altitude of the zone, 

Ex. 1. What is the area of a zone whose altitude is 10 indief, 
the ludius of the sphere being 50 inches ? 

Ans. 3141.592 sq. in. 

2. Suppose the circumference of the earth is 25132.736 miles, 
and (hat the altitude of the torrid zone is 3186 miles, what is tlis 
area of that zone ? Ans. 80072896.896 sq. miles. 
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8. What is the area of Hie north temperate zone of the earth, 
A being 2076 nules in altitude ? Ans. 52175559.986 miles. 

4. What is tlie area of the north frigid zone of the earth, its 
altitude being 381 miles ? Ans. 8318935.616 miles. 

Do the results in the 3 last examples correspond with the 
result ir Ex. 3, Prob. 19 ? 

480. Pbob. 21. — ^To find the area of a lune, 

Rule. — First find the surface of the sphere, and then say Oi 
d60^ is to the number of degrees in the angle of the lune, so is 
the surface of the sphere to the surface of the tune, 

Ex. 1. What is the area of a lune whose angle is 36® on • 
sphere whose radius is 4000 miles ? 

Ans. 20106188.8 sq. miles. 

2. What is the area of a lime whose angle is 18®, the diame* 
ter of the sphere being 896000 ? Ans. 126106016153.6. 

4190. Pbob. 22. — ^To find the area of a spherical triangle, 

Rule. — Having found the surface of the sphere, add together 
the three angles of the triangle ; from their sum subtract 180% 
divide the remaindet hy 90®, and mtMply \ of the surface of the 
sphere hy the quotient. 

Ex. 1. What is the area of a triangle whose angles are 80®. 
90®, and 130®, on a sphere whose radius is 4000 miles ? 

Surface pf sphere = 201061888 (Prob. 19) ; \ surface of 
sphere = 25132736. 

$0® + 90® + 130® — 180® = 120® ; -- .:- = f 

90 

25132736 X | = 33510314 J sq. miles, Ans. 

KoTB. — The sam of all the angles of a plane triangle is always % righi 
tDfr^, ]. e. 1 80^, but the sum of all the angles of a spherical triangle is aoj 
qQft^tity more than 2 and less than 6 right angiei. 
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2. The angles of a triangle are lOO"", 150"*, and 110^ on a 
sphere whose diameter is 10 inches ; what is its area ? 

Ans. 78.5398 sq. in. 

491* Prob. 23. — ^To find the area of a spherical poljgon. 

Rule. — From the sum ofdUthe angles of the polygon subtradk 
180^ €U many times less two, as there are sides to the polygon ; 
divide the remainder by 90^, and mtdtiply | the surface of the 
sphere by the quotient. 

Ex. 1. On a sphere whose radius is 50 feet, the angles of a 
hexagon are 100% 105% 125% 140% 150% and 160** ; what is the 
area of the hexagon ? « 

I surface of sphere = 3926.99 

100* 4- 105« 4- 125^ + 140* + 150* -f- 160** — 180** X 4 = 
60^ 60* -i. 90'' = f ; 

3926.99 X § = 2617.99J sq. feet, Ans- 

2. What is the area of a pentagon on a sphere whose circum- 
ference is 15.70796, the angles being 150% 119** 30', 75*, 145% 
and 170* 30' ? Ans. 13.0899|. 

4:9S. Prob. 24. — ^To find the solid contents of a prism or 
of a cylinder, 

Rule. — Multiply the area of the base by the altitude. 

Note. — It is easily proved that the solidity of every prism of cylinder if 
equivalent to that of a rectangnlar parallelopipedon having an equivalent 
bafie, and the same altitude (77) ; hence the rule. 

Ex. 1. What is the solidity of a prism whose base is 16 square 
feet, and whose altitude is 8 feet ? Ans. 128 sol. ft. 

2. \Vliat is the solidity of a prism whose altitude is 20 inchea, 
and whose base is a regular nonagon, having 3 inches for ita 
aide ? Ans. 1112.728356 sol. in. 

3. What are the solid contents of a cylinder whase altitude if 
25 feet, and the radium of whose base is 6 feet ? 

Ans. 2827.4328 sol. ft. 
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4. What is the solidly of a cylinder whose altitude Is 2 feet, 
and the diameter of whose base is 10 inches ? 

Ans. 1884.9552 soL in. 

403. Fbob. 25. — ^To find the solidity of a pyramid or of a 
eone> 

BuLS. — Mukiply the area of the bate by ^ of the akitude, 

Nora. — The solid contents of a pyramid or cone are found by Greometry 
to be jost one-thjrd the contents of a prism or cylinder haring the same 
•Mse and altitude. 

Ex. 1. What is the solidity of a pyramid whose altitude is 
27 inches, and whose base is 56 square inches ? 

Ans. 504 soL in. 

2. What are the solid contents of a pyramid whose altitude is 
8 feet, and whose base is a regular dodecagon, having ten inches 
for its side ? Ans. 13485.38288 soL in. 

3. What is the solidity of a cone whose altitude is 12 feet, and 
the radius of whose base is 12 inches ? 

Ans. 21714.683904 soL in 

4^ What is the solidity of a right cone, whose base is 16 inoiies 
in diameter, and whose slant hight is 10 inches ? 

Ans. 402.123776 soL in. 

494. Pbob. 26.-^To find the solidity of the frustum of a 
pyramid or of a cone. 

Rule. — Add the areeu of the two bases and their mean propot' 
iional (257, a) together ^ mvUiply this sum by ^ of the altitude, and 
the product will be the solidity, 

KoTB. — This rule is founded on the Geometrical principle that the solid' 
ity of the firustum of a pyramid or of a cone is equivalent to the solidity 
of three pyramids or cones, having a common altitude with the frustum, and 
dor bases, the lower base of the frustum, the upper base of the frustum 
and a mean proportional between these bases. 

Ex. 1. What is the solidity of the frustum of a pyramid whose 
altitude is 12 inches, and whose bases are the one 16 and the 
other 9 inches square ? 
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16* = 256, lower base 
9' = 81, upper base 
\/256 X 81 = 144, mean between the bases. 

"481 X 4 = 1924 sol. in., Ans. 

2. The altitude of the frustum of a pTramid is 18 feet, tha 
area of its lower base 81 feet^ and of its upper base 36 feeti 
what is its solidity ? Ans. 1026 soL ft 

3. The altitude of the frustum of a cone is 30 inches, and thf 
areas of its bases are 225 and 64 feet ; what is its solidity ? 

Ans. 588960 sol. in. 

4. The altitude of the frustum of a cone is 15, the radius of 
its lower base is 5, and the circumference of its upper base is 
18.849552 ; what are its solid contents ? Ans. 769.69004. 

49S* Prob. 27. — ^To find the solidity of a wedge, 

BuxK. — To tunce the length of the hach^ add the length of ik^ 
edge ; multtpfy this sum hy the breadth of the hack, and this prth 
duet hg } of the altitude ; the last product will he the contents of 
the wedge. 

Ex. 1. The back of a wedge is 30 inches in length by 20 
inches in breadth ; the edge is 25 inches, and the altitude 36 
inches ; what is its solidity ? 

(30 X 2 + 25) X 20 X ^=10200 soL in., Ans. 

2. *The back of a wedge is 12 inches long by 6 wide ; its edge 
18 15 and its altitude 18 ; what is its solidity ? 

Ans. 702 inches. 

496. Prob. 28. — ^To find the solidity of a rectangubii 
prismoid. 

Rule. — To the sum of the areas of the two hoses add 4 tims9 
the area of a section paraUel to and equally distant from the twc 
hoses, and this latter sum multiplied hy ^ the akituds of the pris- 
moid will give the soUdity. 
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NoTB 1.- -This role will giT« the oontents of any prismoid. 

NoTB 2. — A reclangular prismoid may be dirided into 2 wedges by paae- 
ing a plane through the opposite panllel edges of the upper and lower bases, 
and then the contents may be found by the rule in Frob. 27. 

L«t the scholar solve the following examples by each rale. 

Ex. I. The lower base of a rectangular prismoid is 24 by 20 
mchesy the corresponding sides of the upper base are 18 by 12 
inches, and the altitude is 30 inches ; what is its soliditj ? 

24 X 20 = 480, lower base ; 18 X 12 = 216, upper base : 
21X16X4 = 1344, 4 times the parallel section, .*. 
(480 4- 216 + 1344) X V = 10200 soL in., Ans. by Prob. 
28. 

Again, (24 X 2 -f- 18) X 20 X V = 6600, larger wedge, 
and (18 X 2 + 24) X 12 X V = 3600, less wedge, 

10200 soL inches 4n8. 
by Prob. 27. 

2. What are the contents of a prismoid whose altitude i" 18 
feet, lower base 1 6 by 18 inches, and corresponding sides of the 
upper base 10 by 12 inches ? Ans. 42768 soL ir. 

3. What are the contents of a prismoid whose altitude i^ 18 
feet, lower base 16 by 18 inches, and corresponding sides of the 
upper base 12 by 10 inches ? Ans. 42912 soL in. 

How do the 2d and 3d examples differ ? 

4. What are the contents of a hewn stick of timber that is 46 
feet long, 12 by 14 inches at one end, and 8 by 10 inches on the 
corresponding sides at the other end ? Ans. 58240 soL in. 

4L97* Prob. 29. — ^To find the solidity of a sphere, 
Bulb 1. — Multiply the surface of the sphere hy \ radius. 

Note. — This role is founded on the supposition that a sphere is com 
posed of an infinite number of pyramids whose vertices are at the center of 
^the sphere and whose bases make up the surface of the sphere. 

Rule 2. — Multiply the cube of the diameter hy the decimal 
.623599 ; i. e. hy J o/ 3.141592. . 
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Ex. 1. What is the solidity of a sphere whose radios is 4000 
miles ? Ans. 26808251 7333 isol. miles ? 

2. What is the solidity of a sphere whose diameter is 896000 
mUes ? Ans. d76636634912085333^soL m. 

498* Pbob. 30. — ^To find the solidity of a spherical segment. 

Rule. — Multiply the half sum of the arects of the two hoses by 
the altitude of the segment and to this product add the solidity of 
a sphere whose diameter is this same altitude. 

l^OTB. — ^If the segment has but one base the other base is «ad the same 
rnle applies. 

Ex. 1. What is the solidity of a spherical segment whose alti« 
tude is 86.60254 inches aod the radii of whose bases are 100 and 
50 inches ? Ans. 2040523.848355309475 19 195431 4^oL in. 

2. What is the solidity of a segment of one base, the altitude 
being 13.39746 feet and the diameter of the base 100 feet ? 

Ans. 53870.8080150407388347123528O1. ft. 

499*' Pbob. 31. — ^To find the solidity of a spherical wedge 
or ungula, 

KnL£. — Find the solidity of the sphere and then bay as 360* 
is to the angle of the wedgSj so is the solidity of the sphere to the 
solidity of the wedge. 

Note. — The angle of the wedge is the same as the angle of the lone that 
forms its base. 

Ex. 1. What is the solidity of a wedge whose angle is 36* in 

a sphere whose radius is 4000 miles ? 

Ans. 26808251733^sol. m. 

2. What is the solidity of an ungula whose aogle is 45* in a 

sphere whoso diameter is 896000 inches ? 

Ans. 47079579364010666f soL in. 

«S00« Pbob. 32. — ^To find the solid contents of a spherica] 
pyramid or of a sector, 

Rule. — Having found the area of the triangle, polygon or zone 
which forms the bassy multiply this area by ^ of the radius of the 
sphere. 
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fix. 1. What is the solidity of a spherical pTramid whose bas« 
IS a triangle haying its angles 80^, 90^ and ISO®, the radius of 
the sphere being 4000 miles ? Ans. 44680419555$ sol. m. 

2. What 18 the solidity of a pentagonal spherical pyramid in 
■ sphere whose diameter is 5 inches, the angles of the base being 
160% 119« 3(f, 75% 145* and 170* 30' ? Ans. 10.9083tV soL in. 

8, What is the solidity of a spherical sector in a sphere whose 
S radius is 12 inches, the arc of the great circle bisecting the 
\ sector, or the sectoral angle at the center of the sphere being 
^ ] 2(y ? Ans. 1809.556992 soL in. 

^ 4. What is the solidity of the remainder of the hemisphere 

7: after the sector in Ex. 8 has been taken out ? 

- Ans. 1809.556992 soL m. 

i tl01« Fbob. 88. — To find the solid contents of a cube in- 
, scribed in a sphere, 

Rule. — DividB the square of tk$ dianuier by 8, and ike culm 

* of the square root of this quotient will be the soUdity sought. 

NoTB. — ^The diagonal of the cube is a diameter of the sphere, but the 
^ gqnare of the diagonal of any rectangular parallelopipedon is equal to the 
' sum of the tquares of its three dimensions ; i. e. in the cnbe, since its three 
' dimensions are equal, the tquare of the diagonal is equal to three times the square 
"■ of either edge; hence the rule. 

Ex. 1. What is the solidity of a cube inscribed in a sphere 
whose diameter is 10 feet ? 

10« -1. 3 = i§a ; s/m^y = 192.45+soLft., Ans. 

2. What are the solid contents of a cube inscribed in a sphere 
: whose circumference is 18.849552 inches ? 

Ans. 4l.569219-f soLin. 

S02« Pbob. 34. — To find the contents of a solid of any 
form, 

Rule. — Immerse the solid in a vessel of known form and 
V dimensions partly filled with water ^ and note the rise of the wdm 

• in the vesseL 

29 
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NoTB. — Thifl rule is founded on the self-evident fact that the vcdnaia oi 
bulk of the water displaced is eqoal to that of the soM immersed. 

Ex. 1. An irregular stone, immersed in a cylindrical vessel 
10 inches in diameter, raised the water in the vessel 5 inches : 
what were the contents of the stone ? Ans. 892.699 soL in. 

2. There is water 4 inches deep standing in a pail which is 
12 inches deep, 10 inches in diameter at the bottom and 18 
inches at the top — interior dimensions ; what are the contents 
of a lobster, which, being immersed in this water, will raise it 4 
inches ? Ans. 415.737341 soL in. 



§52. GAUGING. 

S03. Gauging is the art of finding the contents of casks or 
vessels of any form, in gallons, bushels, etc 

«S04« Prob. — ^To find the contents of kegs, barrels, etc 

r^ is difficult or impossible to find the exact contents of kegs, 
barrel etc, in consequence of the different curvature of the 
8tave& 'he difficulty in determining the interior dimensions of the 
cask, etc ; but, by experience it is found that all such vessels 
may be gauged with sufficient accuracy by the following 

Rule 1. — MuMply the difference between the hung cmd head di' 
ameters of the cask, hy numbers varying from .5 to .7, according as 
the staves are curved little or much, and add the product to the Aeaif 
diameter to obtain the mean diameter ; ffien proceed as in ^find 
ing the contents of a cylinder in ArL 492. 

NoTB l.-^A wine gallon » 231 cubic inches, (78, Note 2). 
" beer " = 282 " " (78, Note 3). 
*< boBhel « 2150.42 " '* (79, Note 2). 

Ei:. 1. Wliat are the contents in wine and in beer gallons of r 
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cask whose length is 44 inches, head diameter 28 inches, and 
bong diameter 86 inches ? 

(86 — 28) X. 7 = 5.6 

28. 

83.6 = mean diameter. 
88.6« X .785398 = area of circle (477, Rule 2), 

.'. 33.68 X .785898 X 44 „ , • ,^ a u . v 
^^r =No. gaL wme, Ist Ana.; but if 

both numerator and denominator of this fraction are divided by 
.785398, we shall have 

38.6« X 44 . 

— 2^j , veiy nearly ; agam, 

83.6* X .785398 X 44 

282 ^^ ^ S*^ \i^Ty 2d Ans. : but i^ as 

before, both numerator and denominator be divided by .785898, 

I 33.6^ X 44 

j it will give — ^^^0 j very nearly. Hence, 

- BuLE 2. — Find the mean diameter in inches as in Rule 1 ; 
then multiply the sqtsare of the mean diameter hy the length of the 
cask in inches, and divide the product by 294 for wine and by 359 
for beer gallons. 

2. What are the contents in wine gallons of a cask whose 
length is 36 inches, and whose head and bung diameters are res- 
pectively 16 and 19 inches? 

3. What are the contents in beer measure of a cask whose 
length is 44 inches, and whose head and bung diameters are 2C 
and 31 inches ? 

4. What are the contents in bushels of a hogshead whose 
length is 48 inches, and whose head and bung diameters are 32 
and 40 inches ? 

5. What is the capacity in bushels of a cask whose length is 
4^ feet, and whose head and bung diameters are B and 'H ffM^ 7 
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NoTS 2. — To find the contents of Tessels in the form of a cylinder, 
finutnm, sphere, etc., proceed as in the Greometrical Problems. 

NoTB 3. — ^To find the contents of irregular vessels or cavities of any 
description, first fill the vessel or cavity with water, then poor its contents 
tnto a vessel of known form and dimensions, and proceed as before. 



§53. TONNAGE OP VESSELS. 

j|0«S« The tonnage of a vessel is the number of tons she will 
cany, and is determined by measurement 

tS06« The ship carpenter estimates the tonnage by one rule, 
and government by another. 

Gabpenteb's Rule. — For a single decked vessely muttipfy the 
length of the kedy breadth at the main beamy and depth of the hoU 
in feety together ; divide the product by 95, and the quotient is the 
number of tons. 

For a double decker, take half of the breadth at the main beam 
for the depth of the hold, and proceed as before. 

GovERNMEKT RuLE. — FoT a single decker, take the length in 
feet above the deck from the fore part of the main stem to the aftm 
part of the stem post, the breadth at the widest peart above the main 
wales on the outside, and the depth from the under side of the deck 
plank to the ceiling in the hold. From the length take ^ of th§ 
breadth and the continued product of the remainder, breadth and 
depth, divided by 95, wiU give the tonnage* 

For a double decker, take the length above the upper deck ; fw 
iShe depth take half the width and proceed as before. 

Ex. 1. What is the carpenter's tonnage of a single decker 
vhose length is 80 feet, breadth 21 feet, and depth 18 feet ? 

Ans. 318^ tona. 
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S. What is the carpentei^s tonnage for a doable decked TOflsel 
irhoee lengtih is 200 feet, and breadth 88 feet? 

Ans. 1520 tons. 

8. What is the goyemment tonnage of a single decked vessel, 
«rhoBe length is 100 feet, breadth 25 feet, and depth 20 feet ? 

Ans. 447-^^ tons. 

4. What is the goyemment tonnage of a doable decker whoM 
Ungth is 800 feet and breadth 40 feet ? 



§54 PHILOSOPHICAL PBOBLEMS. 

Gravitt. 

ff07« Gravity is the tendency of all bodies to &11 towards 

the center of the earth. 

S08* The center of gravity of a body is ^ the point about 
which all the parts of a body exactly balance each other, so that 
when that point is supported, the whole body is supported." 

In a body of uniform density the center of gravity is in the 
center of the volume or bulk. 

The weigJu of a body is the meeuure of its gravity. 

S09. Specific gravity is the weight of a body compared with 
the weight of an equal bulk of some other body taken €U a 
ttandard. 

The standard for solids and liquids is dtstiBed water. 

A cubic foot of distilled water, by statute, weighs lOOOoz. =a 
S2^ lbs. avoirdupois. 

The specific gravity of the standard is 1. 

^10* If a body is lighter than the standard, its specific grav 

29» 
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ity is less tbau 1 ; if heayier, more than 1 ; thus, if a cnbic fool 
of cork weighs 250oz. (= ^ of lOOOoz.)? its specific grayitj is 
^ ; and if a cubic foot of zinc weighs 7000oz. (= 7 times 1000 

oz.), its specific gravity is 7. 

« 

ffll« Prob. 1. — ^To find the specific grayitj of a solid, 

BuLE. — Divide the weight of the hody hy the loss of weight ii 
muUdns when it is immersed in water ; «. e. divide its true weight 
tg the weight of an equal bulk ofdisHUed water. 

NoTB. — ^If the body is lighter than water, as e. g. cork, it must be at- 
tached to some heavier body in order to immerse it ; and in that case it losei 
all its own weight, together with the amount it diminishes the weight of the 
bodj attached to it for the purpose of sinking it. 

£x. 1. A piece of copper weighs 1668.75 lbs. in air, and 
1481.25 lbs. in water : what is its specific gravi^ ? 

- Ans. 8.9. 

2. A piece of cork weighs lOOoz. ; but, being sunk in water, 
by attaching it to a piece of iron previously balanced in water, 
it requires SOOoz. less to balance the iron } what is the specific 
gravity of the cork ? Ans. ^. 

«nS« Prob. 2. — ^To find the specific gravity of a liquid. 

Rule — 1. Weigh a soUd in the air^ then in water, and them m 
the given Hquid, 

2. Divide the loss ofvseighi in the liquid whose specific grtwUg 
is sought by its loss of weight in water ; t . e. divide the weight of 
the liquid hg the weight of an equal bulk of water, 

Ex. 1. A piece of lead weighs 709 1 lbs. ; when immersed is 
distilled water it weighs 64 6 J lbs., and in sea-water its weight ia 
645 lbs. What is the specific gravity of sea-water? 

Ans. 1.03. 

2. A piece of iron weighing 486j lbs., upon being immersed 
in water weighed 423} lbs. ; and in linseed oil it weighed 427 J 
lbs. : what is the specific gravity of linseed oil ? Ans. .94. 
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fldS. The specific grayity of the heayiest known substance,* 

Platina,iB 22. C!opper, 8.90 

That of Gold, 19.25 Steel, 7.84 

Quicksaver, 18.58 Iron, 7.78 

Lead, 11.35 Tin, 7.29 

Silver, 10.47 Zinc, 7. 

Precioas Gems, from 8 to 4 

Minerals, « 2 << 8 

Liquids, « J *• 2 

Woods, « i ** li 

The specific gravity of the lightest known substance. 
Hydrogen gas, is about .000083, water being 1. 



: What is the specific gravity of platina, hydrogen gas being the 
^4candard? 

What is the specific gravity i <f hydrogen gas, platina being 
" the standard ? 

i 

S14U Below the earth's surface the gravity of a bodi raries 
H8 the distance from the center of the earth ; thus, if a body at 
the surface weighs 1 lb., then at ^ of the distance from the center 
to the surface, the same body would weigh ^ lb. ; at ^ the dis- 
tance the body would weigh ^ lb., etc., etc 

Again, above the earth's surface gravity varies inversely as 
the square of the distance from the earth's center ; thus, a body 
weighing 1 lb. at the surface of the earth, would, at 2 times as 
great a distance from the center, weigh ^ lb. ; at 3 times the dis- 
tance it would weigh ^ lb., etc, etc 

•SIS* Prob. 3. — The weight of a body at the surface of the 
earth being given to find its weight at any given distaiice bvlow 
the surfaor 

Rule. — Make a common JracHan by writing the raditu of the 
$artk for a denominator^ and ike distance of the body Jrom Mi 

* Oknsted. 
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center of the ecaih for a numerator^ and then multiply the weigki 
of the body cU the surface by this fraction. 

Ex. 1. A body at the surface of the earth weighs 48 Ib^ 
what would it weigh 1000 miles below the surface, supposing tbo 
earth's radius to be 4000 miles ? Ans. 36 lbs. 

2. A body at the surface of the earth weighs 8000 lb., what if 
it* weight 3000 miles below the surface? What at the center? 

1st Ans., 2000 lbs. 2d Ans., 0. 

«S16* Prob. 4. — ^The weight of a body at the surface of the 
earth being given, to find its weight at any given distance abova 
the surface, 

Rule. — Make a fraction, writing the radius of the earth for 
the numerator and the distance of the body from the cefiiter of tA« 
earth for the denominaJUyr^ and then multiply the weight of the bodj^ 
at the surfojce of the earth by the square of this fra>ction. 

Ex. 1. A body at the surface of the earth weighs 36 lb., what 
would it weigh 4000 miles above the surface ? 

36 X (t«»«)2= 36 X (i)«= 36 X i = 9. Ans. 9 lb. 

2. If a body weighs 36 lb. at the surface, what will it weigh 
8000 miles above the surface ? Ans. 4 lb. 

3. If a stone weighs 1 ton at the surface of the sea, what will 
be its weight on the top of a mountain 5 miles high, supposing 
the diameter of the earth to be 8000 miles ? 

Ans. 1995 lb. +. 

SI 7* By observation and experiment it is found that, near 
the surface of the earth, a body will fall 16-j>^ feet from a state of 
rest in one second of time, and, by the laws of gravity, the dis- 
tances a body will fall in different times will vary as the squares 
of the times ; i. e., if a body fall 16^ feet in 1 second, then in 2, 
8 or 4 seconds it will fall 4, 9 or 16 times 16^ feet, etc, etc., •% 

«S18« Prob. 5. — ^To find how fai a body will fall in unj 
^ven time. 



FHILOBOPHIOAL PBOBLSM8. 946 

BtXB. — Am ItatkB square of the time in eeeondsy eo i$ 1 6^ 
feel to the number of feet the hody will fall in the given time. 

i KoTB 1. — This role is true if the body falls in a vacuttm, but if it faJh 
' dirougfa the air the resistance is rery great when the Telocity is great and 
, the reBult obtained according to the role is much too large. 

*, £x. 1. How &T wiU a body fidl from a state of rest in 10 
, teoondB? Ans. 1608^ feet 

2. Suppose a body to have been fiilling 20 seconds, how far 
has it fallen during the last 10 seconds ? Ans. 4825 feet. 

NoTB 2. — ^Many other problems upon falling bodies might be given, bal 
•' the discussion of the principles relating to them, appropriately belongs to 
' die higher mathematics. 

Mechanical Powebs. 

«S19« That which communicates or tends to commuDMtate 
motion to a body, is called a force or power. 

The body which receives motion, or on which a force is ex- 
pended, is called a weight. Force may be applied to a weight by 
the aid of a lever, wheel and axle, puttey, inclined plane, ter^w or 
wedge, and these instruments, six in number, are called the mm- 
I ehamcal powers, 

Thb Leyeb. 

•S30* The lever is an inflexible bar or rod, movable about a 
fixed |x>int ; this point is called the Julcrum or prop, 

S3I« Levers are of three kinds. 

I 1st. Where the fulcrum is between the power and weight. 
, 2(1. Where the weight is between the fulcrum and power. 
[ 3d. Wliere the power is between the fulcrum and weight 

•i93* In the use of either of the three kinds of lever, an 
' equilibrium will be produced when the power is to the weight as 
t) e distance of the weight from the fulcrum to the distance of the 
: p4>wrr from the fulcrum. 

(a) Levers of the 1st kind. 

Ex. I. What weight may be sustained on the end of a lever 
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10 feet long by a force of 100 lb. at the other end, the prop beiii| 
2 feet from the weight? Ans. 400 lb. 

2. What weight may be sustained by a force of 25 lb. on a 
lever of 6 feet, the prop being 6 inches from the weight ? 

8. What power will be required to balance a weight of 2000 
lb. on a lever 12 feet in length, the fulcrum being 1 foot and 6 
inches from the weight Ans. 285 f lb. 

4. What power is required to sustain 50 lb. on a lever of 8 
feet, the fulcrum to be 5 inches from the weight ? 

5. A power of 200 lb. is applied to a lever 12 feet from the 
fiilcrum ; at what distance from the fulcrum will a weight of 4000 
lb. be balanced? Ans. 7| inches. 

6. How far frx>m the weight must the fulcrum be placed in 
order that a power of 10 lb. may balance a weight of 75 lb. on a 
lever 4 feet long ? 

7. A weight of 12000 lb. is attached to a lever 2 feet from the 
prop ; at what distance from the prop must a power of 300 lb. be 
applied to balance the weight ? Ans. 80 feet 

8. At what distance frx>m the prop must a power of 40 lb. be 
placed to balance 550 lb. 9 inches from the prop ? 

(b) Levers of the 2d kind. 

9. A force of 200 lb. is applied to a lever of the 2d kind 8 feet 
from the fulcrum ; what weight will be sustained 6 inches from 
the fulcrum ? Ans. 3200 lb. 

10. What power applied 8 feet from the fulcrum will be suf- 
ficient to balance a weight of 8000 lb. 10 inches from the ful- 
crum? Ans. 833 J lb. 

11. At what distance from the fulcrum must a power of 50 lb. 
be applied to balance a weight of 750 lb. 2 feet from the ful- 
crum ? Ans. 30 fe«t. 

12. At what distance from the fulcrum may a weight of 3000 
tb. be sustained by a power of 150 lb. applied (> feet from the 
^ilcrum? An8. 3} inches. 
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(c) Levers of the 3d kind. 

13. A force of 100 lb. is applied to a lever of the 3d kind at 
the distance of 5 feet from the fulcrum ; what weight will be 
bahuiccd 20 feet from the fulcrum ? Ans. 25 lb. 

14. ^Vhat power applied 6 feet from the fulcrum will be suf^ 
6cient to sustain 50 lb. 18 feet from the fulcrum ? 

Ans. 150 lb. 

15. At what distance from the fulcrum must a power of 30() 
lb. be applied to balance 60 lb. 30 feet from the fulcrum ? 

Ans. 6 feet 

16. At what distance from the fhlcrum maj a weight of 100 
lb. be sustained by a force of 500 lb. applied 4 feet from the ful- 
crum? Ans. 20 feet. 

NoTB. — ^In the use of a lever of the Ist kind there may be a mechamcdt 
advantage or disadvantage (i. e., the weight may be greater or less than the 
power) according as the power or weight is farthest from the falcruni In 
asing one of the 2d kind there must be a mechanical advantage, and in the 3d 
kind a disadvantage. The principles of a lever of the 3d kind are usually 
exemplified in raising a long ladder or pole from a horizontal to a vertical 
position. 

The Wheel and Axle. 

«S33. In using the wheel and axle as a mechanical power 
they are firmly attached to each other and turn together, the 
power being usually applied to the circumference of the wheel, 
by means of a rope, and the weight to the axle, on the opposite 
side. 

tS34* An equilibrium is produced wlien tlie pow»T is to the 
weight as the radius of the axle to the radius of the wheel. The 
principle is the same as in the lever, the radius of the axle cor- 
responding to the shorter arm and that of the wheel to the longei 
arm. 

Ex. 1. If the radius of the wheel is v'^ feet and the radius of 
the axle 2 inches, what weight may be sustcJned on the axle b^ 
a force of 50 lb. applied to the wheel ? Ans. 900 lb. 

2. The radius of the wheel being 3 feet and thai of the axlv 



\ 
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2 inches, what power applied to the wheel will balance 900 IH 
on the axle ? 

3. Wliat must be the radius of the axle if a power of 50 lb 
on a wheel of 3 feet radius balances 900 lb. on the axle ? 

4. What is the radius of a wheel on which a p/wer of 50 lb. 
balances 900 lb. on an axle of 2 inches radius ? 

5. What is the circumference of a wheel on which a power ol 
12 tb. balances 160 lb. on an axle whose radius is 3 inches ? 

Ans. 20 feet 11.32736 mches. 

The Pulley. 

SfiS* A pulley is a small wheel, movable about an axis by 
means of a cord or rope passing over the wheel. The axis maj 
be stationary or movable, i. e. susceptible of rising or falling. If 
the axis is stationary the pulley is called SLjixedpuUey; if mov- 
able the pulley is said to be movable. 

«S3G« In the use of the fixed pulley there is no mechanical 
advantage, but it is very convenient in changing the direction of 
the power ; i. e. in enabling us to apply a power in one direo 
tion, and thereby to move a weight in some other direction. 

«SS7. Blocks, i. e. combinations of 2, 3, or more pulleys, are 
oflen used. 

«S38* In the use of pulleys an equilibrium is produced when 
the power is to the weight as 1 to the number of ropes ; i. e. 
when power : weight : : 1 : twice the number of movable pul- 
leys. 

NoTB. — There is reallj but I rope used for a block of pulleys, though 
it is customary to consider the number of ropes twice as great as the num- 
ber of movable pulleys, the parts of the rope on opposite sides of the pal- 
\nj being calied different ropes, 

Ex. 1. Wliat power must be applied to a rope passing around 
one movable pulley to balance .i weight of 600 lb. ? 

Ans. 800 lb. 



PHILO8OPHI0AL PBOBLBM8. S49 

t. In a block of 4 movable puUejs what weight wi]l be bus- 
Mned bj a power of 200 lb. ? 

The Inclined Plans. 

tl30. An inclined plane is a plane which is oblique to tlie 
horizon — - neither horizontal nor verticaL 

tl30« In the use of the inclined plane, when the power u 
applied in a line parallel to the length of the plane, an equilib- 
rium is produced when the power is to the weight as the hight 
of the plane to its length. 

Ex. 1. An inclined piano is 40 feet long and 5 feet high ; what 
weight will be balanced by a power of 200 lb. ? 

Ans. 1 600 lb. 

2. An inclined plane is 5 f^et high and 40 feet long ; what 
power is requisite to balance a weight of 1600 lb. ? 

3. A weight of 1600 lb. is balanced on an inclined plane 
whose length is 40 feet, by a power of 200 lb. ; what is tLe 
hight of the plane ? 

4. What is the length of an inclined plane whose hight is 5 
feet, and on which a power of 200 lb. sustains a weight of lt>00 
lb.? 

(a) When the power is applied in a line paralU^l to the base 
of the plane, an equilibrium is produced when the power is to 
the weight as the hight of the plane to the length of its hnse. 

5. What weight will be sustained on an inclined plane whose 
hight is 4 feet, and the length of whose ba-^e is 1 2 feet, by a 
power of 16 lb. applied in a line parallel to the base ? 

Ans. 18 lb. 

6. What power will bahmce a weight of 48 lb. on a plane 
nhose hight is 4 feet and base 12 feet, the power actlig in a 
line |iarallel to the base ? 

7. A power of 1 6 lb., acting in a line parallel to the b&^e of • 

30 
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plane whose bight is 4 feet, balances 48 lb. ; what is the length 
of the base ? 

8. A power of 16 lb. balances a weight of 48 lb. on a plane 
the length of whose base is 12 feet, the power acting in a Una 
parallel to the base ; what is the hight of the plane ? 

The Scbew. 

tS31* A screw is a cylinder haying a thread coiled spirally 
jux)und it, in such a manner that the thread is equally inclined to 
the base of the cylinder throughout its entire length. 

•I33* The principle of the screw is the same as that of the 
inclined plane. The length of the thread in going once around 
the cylinder is the length of the plane ; the circumference of the 
cylinder is the base of the plane ; and the distance between two 
contiguous threads in a line parallel to the axis of the cylinder ia 
the hight of the plane. 

The power is seldom applied directly to the screw, but usually 
at the end of a lever which enters a mortise in the screw, and in 
a line parallel to the base of the plane. 

tl33* In the use of the screw an equilibrium is produced, 
when the power is to the weight as the distance between two 
contiguous threads in a line parallel to the axis of the screw, to 
the circumference of the circle made by one revolution of the 
power. 

Ex. 1. What pressure may be exerted at the head of a screw 
by applying a power of 200 lb. at the end of a lever 10 feet long, 
the threads of the screw being 1 inch apart ? 

Ans. 150796.416 lb. 

2. The pressure exerted at the head of a screw is 150706.4 1 6 
lb., the threads of the screw are 1 inch apart, and the power ie 
applied at the end of a lever 10 feet long ; what is the power ? 

8. A power of 200 lb. exerts a pressure of 150796.110 lb. a^ 



PHIL080PHICAL PBOBLBMS. 8dl 

the bead of a screw whose thieads are 1 inch apart , what is the 
IcDgth of the lever to which the power is applied ? 

4. A power of 200 lb. applied at the end of a lever 10 feet 
long, exerts a pressure of 150796.416 lb. at the head of a screw ; 
what is the distance between the threads of the screw ? 

The Wedoe. 
tS34. For definition of the wedge, see Art 462, Defl 61. 

Wedges ^ are made of such variety of sliapes, and forces are 
applied in such various ways, that, of all the mechanical powers, 
the wedge is tliat whose properties are least capable of being 
brought to mathematical calculation."* 

Only the simplest case will be presented here, viz., when the 
sides of the wedge are equal rectangles, i. e. when the wedge is 
isosceles, and also when the power acts perpendicularly on the 
center of the back, and the weight or resistances act at right 
angles to the sides. 

tIStS. In this case the power is to the weight, i. e. the sum 
of the resistances on the two sides, as the thickness of the back 
to the sum of the lengths of the two sides ; i. e. the power is to 
the weight as | the thickness of the back to the length of one 
side. 

£r. 1. Tlie back of an isosceles wedge is 4 inches thick, and 
the length of one side is 1 2 inches ; what pressure will be exerted 
00 one side, by a force of 500 lb. applied to the back ? 

Ans. 1500 lb. 

2. A wedge whose back is 4 inches thick, and sides 1 2 inches 
long, has a pressure of 3000 lb. upon each side ; what force ap- 
plied to the back of the wedge will overcome the resistance ? 

8. Upon the back of a wedge 4 inches thick, tiie applicatior 
of a force of 500 lb. exerts a pressure of 3000 lb. upon eack 
Jiid^ ; what is the length of a side ? 

4. The length of one side of a wedge is 12 inches, and a force 

* Olmsted. 
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of 500 lb. upon the back will exert a pressure of 8000 lb* upoa 
each side ; what is the thickness of the back ? 

5. The length of one side of a wedge is 15 inches, and the 
edge forms an angle of 60^ ; what pressure will be exerted upoD 
each side bj a force of 100 U). applied to the back ? 

Ans. 100 lb* 



STRENGTH OF MATERIALS. 

tl30» The strength of a beam can be determined onlj bj 
experiment 

Force maj be applied to produce fracture in four different 
ways : — 

1st. Laterally ; i. e. by pressing upon the side of the beam 
when it rests horizontally upon its two ends. 

2d. Longitudinally ; i. e. to puU it in two in the direction of the 
length. 

8d. By torsion ; i. e. by twisting it off. 

4th. By crushing it, as e. g., when a post is set up to support 
a very heavy weight. 

tl37* The first of these modes of trying the strength of a 
beam is the only one considered here, and this in only a few of 
its most simple applications. 

•I38* The data upon which architects rely in calculating the 
strength of materials, the results of experiment and Greometrical 
reasoning, are mainly the following : — 

Irtt. The strength of an oak stick an inch square and a foot 
long, is estimated at 600 lb., the stick lying horizontally, sup- 
ported at its ends, and the weight resting upon the central (toint. 
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The strength of a har of iron of the same size is estimated at 
21901b. 

2d. The strength of similar beams varies as the square of 
their corresponding dimensions ; thus, if a stick 1 inch square 
and 1 foot long will sustain 6001b., then one 2 inches square and 
2 feet }ong will sustain 24001b. ; one 3 inches square and 3 feet 
long will sustain 54001b.; i.e. a similar stick whose dimensions 
are twice as great will sustain 6001b. X 2^ = 6001b. X 4 = 
24001b. ; one whose dimensions are 3 times as great will sustain 
6001b. X 32 = 600 X 9 = 54001b., etc., etc. 

3d. The strength of a beam lying on its different sides varies 
as the depth of its center of gravity below the surface ; thus, if 
a beam of given length, 10 inches wide and 2 inches thick, wiU 
sustain 1001b., when lying on its edge, then it will sustain only 
201b., i.e. ^ of 1001b., when resting on its broad side. 

4th. The strengths of different beams of the same lengths vary 
as the area of their transverse sections, multiplied respectively 
into the depths of their centers of gravity below the surface ; 
thus, if 2 beams, A and B, of the same length, are, A 8 inches 
wide and 6 inches thick and B 10 inches wide and 2 inches thick, 
then, if they rest each upon its edge, 

A's strength : B's strength :: 8 X 6 X 4 : 10 X 2 X 5 :: 192 : 100; 

if both rest upon their broad sides, then, 

A's strength : B's strength : : 8 X 6 X 3 : 10 X 2 X 1 :: 144 : 20 ; 

if A rests upon its edge and B upon its broad side, then, 

A's strength : B's strength :: 8 X 6 X 4 : 10 X 2 X 1 :: 192 : 20 ; 

if A rests upon its broad side and B upon its edge, then, 

A's strength : B's strength : : 8 X 6 X 3 : 10 X 2 X 5 :: 144 : 100 ; 

and so of beams of other dimensions. 

5th. The strengths of beams of different dimensions vary as 
the areas of their transvei'se sections multiplied by the depths of 
their centers of gravity and divided by the lengths of the beams 
respectively ; thus, suppose a beam. A, is 10 feet long, 10 inches 
wide and 4 inches thick, and that another beam, B, is 12 feet 

30* 
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long, 8 inches wide and 6 inches thick, then, when the beauta 
rest on their edges, 

A's strength; B>8 strength; ; ^^^^^^^ ; ^^^^^^ ^ ;;20;16; 

•i. e. if A will sustain 20 tons, B will sustain 16 tons. Again, if 
^hej rest upon their broad sides, then 

A'sstrength : B's strength :; i^-^^^^ : ?->lA><_? . . g . 12, 

etc. etc 

6th. The tendency to fracture a beam is greatest when the 
weight rests on the central point, and it varies according to the 
product of the lengths of the two parts of the beam, measured 
from the point where the weight rest» ; thus, if a beam is 16 
feet long, the tendency to fracture, when the weight rests on the 
c«nter or 1, 2, 3, etc, feet from the center, may be represented 
by the products 8 X 8 = 64, 9 X 7 = 6fS, 10 X 6 = 60, 11 
X 5 = 55, etc, etc 

"^h. The strength of a beam supported at both ends, and hav- 
ing the weight rest on the middle, is 8 times as great as it ia 
when the beam is supported at one end and the weight rests on 
the other end ; or 4 times as great as that of a beam of ^ the 
length and supported at one end ; thus, if a beam 4 feet long, 
resting on both ends, will support 16001b. upon its center, then 
the same beam firmly fixed in a wall at one end will support 
only 2001b. suspended from the other end ; or a beam of the 
same breadth and depth and only 2 feet long, fixed at one end, 
will support only 4001b. at the other end. 

Note. — In those data the weight of the beam itself is not considered, bat 
b practical life it must not be disregarded. 

Ex. 1. — What is the strength of an oak stick 4 inches square 
and 4 feet long ? Ans. 96001b. 

2. What IS the strength of an iron beam 1 foot square and 19 
'eet long ? Ans. 315i^60Ib. 
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8. If a Stick 12 inches wide, 4 inches thick and 4 feet Icmg, 
will sustain S^OOlb. when resting on its edge, what will it sus- 
tiun when resting on its side ? Ans. 288001b. 

4. If an iron bar 6 inches wide, 8 inches deep and 3 feet long, 
will sustain 394201b. when lying on its side, what will it sustain 
when resting on its edge ? Ans. 788401b. 

5. If a stick 6 feet long, 8 inches wide and 3 inches thicki 
resting on its edge, will sustain 192001b., then what will a stick 
of the same material and length, 12 inches wide and 2 inches 
thick, sustain when lying on its broad side ? Ans. 48001b. 

6. if a bar of iron 4 feet long, 6 inches wide and 3 inches 
thick, will sustain 591301b., when resting on its edge, what will 
a bar of the same length, 8 inches wide and 6 inches thick, sus- 
tain when lesting on its edge ? on its side ? 

1st Ans. 2102401b. ; 2d Ans. 1576801b. 

7. What 1b the strength of an oak beam 12 feet long, 8 inches 
wide and 2 Uaches thick, when resting on its edge ? side ? 

1st Ans. 64001b.; 2d Ans. 16001b. 

8. What is the strength of an iron bar 6 feet long, 6 inches 
wide and 3 incnes thick, when resting on its side ? edge ? 

1st Ans. 197101b. ; 2d Ans. 394201b. 

9. What weight will an iron bar 6 feet long and 6 inches 
square sustain, the weight being placed 2 feet &om one end ? 

Ans. 886951b. 

10. What weight will an oak beam 10 feet long, 10 inches 
wide and 5 inches thick, sustain 3 feet from its center, the beam 
'^sting on its edge ? Ans. 468751b. 

1 1. What weight will an oak beam 4 feet long and 4 inches 
square sustain, the beam being made fast at one end and tne 
weight applied at the other? Ans. 12001b. 

12. An iron bar 6 inches deep and 3 inches wide is set in 
fliasonry so that it extends out of the wall 6 feet ; what weight 
▼iU it sustain at its end ? Ans. 4927.51b. 
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§ 55. THE METRIC SYSTEM OP WEIGHTS AND 

MEASURES. 

tS39« This system originated in France, near the close of 
the last century, and its simplicity as well as comprehensive* 
ness has led to its introduction into many other countries. It 
has been almost exclusively adopted in the natural sciences, and 
its use is either required or sanctioned by most of the European 
and South American governments. It was legalized in the 
United States, by act of Congress, in 1866. 

tS4:0« The entire system is founded upon one single linear 
unif, the one forty-millionth part of the earth's circumference 
measured over the poles. This unit of length, which is very 
nearly 39.37 inches, has received the name Meter.* 

Note. It was intended to select a unit, which could be referred to 
and verified in all places, and could not be subject to loss or accident, 
as with a bar of metal. The unit was accordingly made equal to the 
above fraction of the earth's circtmiference, and to determine its length, 
accurate measurement was made on the meridian passing through Dun- 
kirk and Barcelona, of the portion lying between those two points. Later 
measurements, however, have shown the former to be incorrect, and the 
meter is not quite the one forty-millionth of the earth's circumference. 
It has also been discovered that the meridians are of unequal lengths, 
since the equator of the earth is not a perfect circle. These facts have no 
effect upon the value of the system, as the unit has been established, and 
is the length of a platinum bar, which is carefully preserved at Paris, and 
from which copies have been taken. 

tS41« By the decimal division and multiplication of the 
Meter, and imits of square and solid measure derived from it, 
all denominations of linear, surface, and cubic measure are ob- 

* Meter is from the Greek Mfrpov, measure. 



Entered, aooordlng to Act of Congress, In the year 1869, bj Jambs H. Eaton, In the Clerk's 
OfBce of the District Court of the District of Massachusetts. 
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tained. The scale of weights is also obtained by the decimal 
division and multiplication of a unit of weight derived in a 
simple manner from the only arbitrary unit of the system, the 
Metes.' 

•S43* The names of the Metric Weights and Measures are 
formed according to a simple law. The denominations obtained 
by division are named by prefixing to the unit of each scale 
syllables derived from the Latin numerals^ viz., Deci for 10, 
Centi for 100, Milli for 1000 ; those obtained by multiplica- 
tion, by prefixing syllables derived from the Greek numerals^ 
viz., Deka for 10, Hecto for 100, Kilo for 1000, etc. 

This is shown in the following 







TABTiE. 


. 




lilfiMOTHB. 


SUBTAOES. 


CAPACinBB. 


WSXOHTB. 


Ratios. 


Myria- meter. 






Myria -g^am. 


10000. 


Kilo - meter. 




Kilo -liter. 


Kilo - g^ram. 


1000. 


Hecto - meter. 


Hect-are. 


Hecto - liter. 


Hecto - gram. 


100. 


Deka -meter. 




Deka - liter. 


Deka -gram. 


10. 


Meter. 


Abe. 


Liter. 


Gram. 


1. 


Deci - meter. 




Deci - liter. 


Ded - gram. 


.1 


Centi -meter. 


Cent - are. 


Centi - Uter. 


Centi -gram. 


.01 


MilU -meter. 




MilU -Uter. 


Milli -gram. 


.001 



.> 
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TABLE. 



Unit. — 1 Meter. 



10 Millimeters ( 
10 Centimeters 
10 Decimeters 
10 Meters 
10 Dekameters 
10 Hectometers 
10 Kilometers 



mm 



) make 1 Centimeter. 



u 



u 
(( 



(( 



u 



(( 



1 Decimeter. 
1 Meter (*"). 
1 Dekameter. 
1 Hectometer. 
1 Kilometer (^). 
1 Myriameter. 



Centim. 


Hm. 


1 — 


10 


10 _, 


100 


100 = 


1000 


1000— ' 


10000 


10000 — 


100000 
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Dedm. 
M._ 1 = 

HectouL 1= 10= 100 = 

j^ 1= 10= 100= 1000 = 

Myr 1= 10= 100= 1000= 10000= 100000= 1000000 
1 =10=100=1000 =10000 =100000 = 1000000 = 10000000 

Note 1. These measures, as well as all the other Metric weights and 
measures, are written as whole numbers and decimals of the denomina- 
tion, which, for the time, is taken as the unit of weight or measure. 

Note 2. For very short distances the millimeter is taken as the unit, 
and for long distances, as roads, etc., the kilometer. The latter is about 
200 rods, or five-eighths of a mile. Five meters make about one rod. 

Ex. 1. Write 7 kilometers, 1 dekameter, and 5 meters, in 
terms of kilometers. Ans. 7.015^™. 

2. Write 3^' meters, 5 decimeters, 6 centimeters and 4 milli- 
meters, in terms of meters. 

3. Write 1 centimeter, 8.7 millimeters, in terms of millime- 
ters. Ans. 18.7"™. 

4. Write .9 meter, ,9 decimeter, .9 centimeter, in terms of 
decimeters. 

94: 4 • To reduce higher denominations of the Metric System 
to lower, and lower to higher : 

Rule. Multiply or divide by 10, 100, 1000, etc., as the case 
may require (Art. 150). 

Ex.1. Reduce 56 decimeters to millimeters. Ans. 5600™™. 

2. Reduce 125400 centimeters to kilometers. Ans. 1.254^^.7/ 

3. Reduce 5.487 kilometers to millimeters. V / ' 

4. Reduce 250000000 millimeters to kilometers. ~- . >; 

Ans. 250^. 

5. Reduce 123456789 millimeters to hectometers. - / 

6. Ho.w many hectometers in a rope 311.9 meters long? -^ / 

7. How many dekameters is it around a square field, whose 
side is .99 meters long? I 
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tS4:tS« Addition, subtraction, multiplication, and division of 
the Metric weights and measures are performed precisely as the 
corresponding operations in whole numbers and decimal fractions. 

Ex. 1. Add 3 kilometers, 56 meters, and 3 decimeters. 

Ans.. 3.0563^. 

2. Subtract 8 meters from 8 dekameters. 

3. Divide 3 kilometers by 15 and write as meters. 

4. If there are four points in a straight line, in the .order 
ABC and D, and the distance from A to D is 96 kilometers, 
from B to C is 83 meters, and from C to D is 2.5 meters, how 
many kilometers is it from A to B? Ans. 95.9145^. 

5. How many meters is 8 times 65 centimeters ? 

6. Divide 2976426 millimeters by 342, and reduce to meters. 

7. Add 8 times 1124 meters and ^ of 366.24 kilometers. 

Ans. 70.032^™ 



ff46. SQUARE MEASURE. 

The unit of Square Measure is the Square Dekameter, i. e.» 
a square, whose side is 10 meters, and which is consequently 
equal to 100 square meters. To this unit is given ths name Are.* 

TABLE. 
Unit. — 1 Are. 



100 Sq. Centimeters 

100 Sq. Decimeters 

100 Centares, or Sq. Meters 

100 Ares 

100 Hectares 



make 



u 
u 



Sq. 
Km. 



Hectares. 
1 = 



Areik 

100 = 



8q. Meters, 
or Centares. 

1 = 

100 = 
10000 = 



1 Sq. Decimeter. 

1 Centare, or Sq. Meter. 

1 Are ("). 

1 Hectare. 

1 Sq. Kilometer. 

8q. Decim. Sq. Centim* 

1= 100 

100 = 10000 

10000 = 1000000 

1000000 = 100000000 



1 =:. 100 = 10000 = 1000000 = 100000000 



lOOOOOOOOOG 



* Are is from the Latin Area, a level surface. 
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Note. The terms principally used in this table are the Are and 
the Hectare. The Hectare is the common unit for Land Measure. 

•S47. All operations by this table are performed as in Long 
Measure, remembering, that each denomination occupies the 
place of two figures. 

Ex. 1. Reduce 196583 sq. decimeters to ares. Ans. 19.6583*'. 

2. Reduce 3 sq. kilometers to ares. 

3. How many sq. meters of stone are required to pave a 
street 6 kilometers long and 14 meters wide? Ans. 84000**™. 

4. If a person steps .8 meter at each step, how many steps 
will he take in walking around a rectangular field, which con- 
tains 1080 hectares, and whose breadth is 1800 meters ? 

Ans. 19500. 

5. Reduce 3463 sq. centimeters to sq. decimeters. 

6. Reduce 678000000 sq. centimeters to sq. decimeters. 

7. How many sq. meters in a board fence 37 dekameters 
long and 1.3 meters high? Ans. 48 1***". 

8. How many sq. decimeters in a pane of glass, which is 5 
decimeters wide and 1.3 meters long? 

548. CUBIC MEASURE. 

The principal unit of Cubic Measure is the Cubic Meter. 

TABLE. 
Unit. — 1 Cubic Meter. 

1000 Cubic Centimeters make 1 Cubic Decimeter. 
1000 Cubic Decimeters " 1 Cubic Meter. 

Cub. Decim. Cub. Centim. 

cub.M. 1 = 1000 

1 = 1000 = 1000000 

Note. This table is used in the measurement of the solid coutenta of 
bodies. 

^49. The operations hy this table are performed in the 
same manner as by the previous, but it must be borne in mind 
that each denomination occupies the place of three figures. 
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\ Ex 1. Reduce 4653500 cable centimeters to cubic meters, 
j Ans. 4.6535««^». 

2. Reduce 5 cubic meters to cubic centimeters. /> 

3. Add 3 cubic meters and 50001 cubic ceutimeters. 

4. How much larger is a block of granite 1 meter long, 
•6 meter wide, and .5 meter thick, than one 3 meters long, 
.4 meter wide, .2 meter thick * ' - ''- ' ^'^ ^ ' Ans. 60^^ *«*". 

5. Reduce 95000000000^cubic meters to cubic decimeters. 

6. What is the solid contents of a ball .9 decimeter in diam- 
'eter?.^^ '^2f [SlI^JQ 

7. How many cubic meters of stone are required to build a 
wall, which is to be 3 kilometers long, 1.4 meters high, and .75 
meter thick? ?, /. ; // 

tStSO. In measuring firewood, the cubic meter has received 
' the name Stere.* By decimal division and multiplication a 
: new scale can be formed, of which, however, only the dekastere, 
; the stere, and the decistere, have been found of practical value. 

TABLE. 

10 Decisteres make 1 Stere (■*). 
10 Steres " 1 Dekastere. 

Ex. 1. What is the price of a pile of wood 4.6 meters long, 1.4 
rneters wide, and 1.5 high, at $2 per stere? Ans. $19.32. 

2. How long is a pile of wood 4.2 meters wide and 3 meters 
high, which contains 189 steres? / - •''< "" 

3. I wish to pile 10.8 dekasteres of wood in three piles, each 
of which shall be 6 meters long and 1.5 meters high ; how wide 
will each pile be ?> ' ~ > — ' -^ , ' Ans. 4°*. 

4. If a pile of kindling-wood 4 decimeters long, 2.5 decime- 
ters wide, and 1.9 decimeters high, cost 20 cts., how much does 
it cost per decistere? 

5. llow many steres in a pile of wood 3.5 meters long, 1.8 
meters high, and 2 meters wide ? / . , * , ::: . 

* Stere is from the Greek Jlrepdj, SQlid. 

81 
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8St. DRY AND LIQUID MEASURE. 

The unit of Dry and Liquid Measure is the cubic decimeter, 
i. e., a cube whose edge is -j^ of a meter, and which is conse- 
quently equal to -YrftSTJ ^^ ^ cubic meter. This unit has received 
the name Liteb.* It is a little larger than a wine quart. 

TABLE. 

Unit. — 1 Liter. 



10 MiUiHters 




make 


1 Centiliter (^). 




10 Centiliters 








1 Deciliter. 




10 Deciliters 








1 Liter (*). 




10 Liters 








1 Dekaliter. 




10 Dekaliters 








1 Hectoliter (^). 




10 Hectoliters 








1 Kiloliter. 

Centil. 


MmiL 








Decfl. 


1 — 


10 


• 


L. 




1 


— 10 — 


100 


Itekal. 


1 




10 


— 100 = 


1000 


1 — 10 




100 


= 1000 = 


10000 



HectoL 

KUoL 1 = 10 = 100 = 1000 = 10000 = 100000 
1 = 10 = 100 = 1000 = 10000 = 100000 = 1000000 

Note 1. This table is used for measuring liquids, as milk, wine, etc. ; 
and dry substances, as grain, etc. ; also the hollow contents of vessels. 

Note 2. The terms cubic meter and cubic centimeter are generally 
employed in the place of kiloliter and milliliter. 

Ex. 1. Reduce 13895 millimeters to liters. Ans. 13.895^ 
2. How many liters more in a box 1.3 meters long, .5 meter 

wide, and .4 meter deep, than in one of the same length and 

width but of only half the depth ? 

8. What is the price of 3 hectoliters of milk at 5 cents per liter ? 

4. Reduce 7 kiloliters to liters. 

5. How many liters will a box contain, whose depth is 
184.5 millimeters, and the surface of the bottom 2.3 sq. me- 
ters? Ans. 309.35'. 

* Liter is from the Greek AtTpa, a Greek weight. 
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6. A farmer mixes 3 hectoliters of wheat, worth $5.50 per 
hectoliter, with 2.5 hectoliters of oats, worth $2 per hectoliter, 
and sells the mixture for $4 per hectoliter. Does he gain or 
lose, and how much t 

7. How long is a trough, which contains 3 kiloliters, and the 
surface of whose end is 1.5 sq. meters? 

8. A merchant buys a cask of wine for $80, and sells it for 
l$1.05 per bottle, gaining thereby 25 cts. per liter, and on the 
whole quantity $25 ; how much did each bottle contain ? 

^ns. 1^ 

9. What will a car load of wheat cost at $6 per hectoliter, if 
the car is 5 meters long, 3 meters wide, and 2.5 meters high ? 

Ans. $2250. 

959. WEIGHT. 

The unit of Weight is the weight of 1 cubic centimeter of 
distilled water at A° centigrade,* or 39^° Fahrenheit, the tem- 
perature at which water has the greatest density. This unit is 
called Geam%| The Kilogram is a common unit for weighty 
and is a little more than 2^ lbs. avoirdupois. 



TABLE. 


Unit, - 


— 1 Gram. 


10 Milligrams (™8) 


make 1 Centigram. 


10 Centigrams 


" 1 Decigram. 


10 Decigrams 


" 1 Gram («), 


10 Grams 


*' 1 Dekagram. 


10 Dekagrams 


** 1 Hectogram. 


10 Hectograms 


1 KILOGRAM CO- 


10 Kilograms 


** 1 Myriagram. 


10 Myriagrams 


** 1 Quintal. 


10 Quintals 


" 1 Tonneau ('). 



* By the centigrade thermometer the mclting point of ice, or the freezing point 
of water, is 0^, and the boiling point of water, at 760 mm. atmospheric pressure* 
is 10(P. 

t Ofwn is from the Greek Tp&iipLa, an inscripHon, 
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Omttgr. 


Mniigr. 








DMigr. 


1 ss 


10 




* 


Oniai. 


1 =5 


10 = 


100 




D^kKT. 


1 ss 


10 = 


100 = 


lOUO 


BMtop. 


1 =s 


10 = 


100 = 


1000 = 


10000 


inocr. 1 = 


10 = 


100 = 


1000 = 


10000 = 


100000 


MjriAgr. 1 = 10 = 


100 = 


1000 = 


10000 = 


100000 = 


1000000 


Qnhi. 1= 10= 100 = 


1000 = 


10000 = 


100000 = 


1000000 = 


10000000 



fan. 1=10=100= 1000= 10000= 100000= 1000000= 10000000= 100000000 
1= 10=100=1000= 10000 = lUOOOO = 1000000 = 10000000 = 100000000 = 1000000000 

Note 1. This table is used in computing the weight of all objects, 
from the most minute to the sun and heavenly bodies. 

Note 2. The kilogram is the weight of a liter of water, and is gener- 
ally written and pronounced kilo. The tonneau is the weight of a kilo- 
liter, or cubic meter of water. 

Note 3. The new five cent coin (1866) weighs 6 grams, and is 20 mil- 
limeters in diameter. The limit of the weight of a single letter is to be 
15 grams, or the same as that of three five cent pieces. 

Ex. 1. Reduce 23 kilograms to grams. Ans. 23000^. 

2. How many grams in 6429 milligrams? 

3. What is the weight of the nickel in 25 new five cent pieces, 
if the nickel constitutes 20 % of the weight of the coin ? 

Ans. 25K'. 

4. If one cubic meter of stone weighs 250 mjriagrams, how 
many kilos will a stone weigh whose end contains 99 sq. 
decimeters, and whose length is 15 decimeters? 

5. If a man can carry 50 kilos at one time, in how many 
times can he remove a pile of bricks 7 meters long, 3 meters 
wide, and 3 meters high, the dimensions of a brick being 2.1 
decimeters, 1 decimeter, and 6 centimeters, and the weight 1.2 
kilos? Ans. 1200. 

6. What is the price of 8 quintals of fish at 25 cts. per 
kilogram ? 

7. How high is a cistern which contains 935 kilograms of 
water, if it is 2 meters long and 1.6 meters wide? 

8. If silver is 10.5 times as heavy as water, how many five 
cent coins will weigh as much as a bar of silver 3 decimeters long, 
6 centimeters wide, and 5 centimeters thick ? Ans. 1890. 

9. What is the weight of the water contained in a vessel .9 , 
meter long, .5 meter high, and .3 meter wide? Ans. 1.35 qtb. 
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SS3. WEIGHT OF BODIES. 

The computation of the weight of a body, when its specific 
gravity (Arts. 509-513) and dimensions in the metric measures 
are known, is very simple. 

Rule. Multiply the weight of an equal hvlk of water by the 
specific gravity. , ^ ,y/ ^ .; ' • . ) ' • ' 

Ex. 1. What is the weight of 2 liters of mercury? 

2. What is the weight of a bar of steel 1.3 meters long, 7 
centimeters wide, and 3 centimeters thick? Ans. 21.4032''"°*. 

3. What is the weight of a bar of iron 5 meters long, 2 deci- 
meters wide, and 1.2 decimeters thick? 

4. What is the value of 3.5 liters of mercury at 50 cts. per 
hectogram? Ans. $237.65. 

5. How much water is necessary to fill a cistern whose di- 
mensions are the same as those of a. piece of iron which weighs 
1556 kilos? Ans. 200^ 

6. How many rings, each weighing 5 grams, can be made 
from a bar of gold .9 decimeter long, 4 centimeters wide, and 
2 centimeters thick, if y\y of the weight of each ring is to be of 
some other material ? Ans. 308. 

7. How many bullets can be made from a piece of sheet lead 
2.6 meters long, 7 decimeters wide, and 4 millimeters thick, if 
each bullet weighs 28 grams ? 

8. What is the weight of an iron ball 3 decimeters in diam- 
eter? (Art. 497.) 

9. How much heavier is a liter of mercury than a liter of 
water ? 

10. What quantity of water is equal in weight to a piece 
of gold 3 decimeters long, 2 centimeters wide, and 6 millime' 
ters thick ? 



31* 
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SS4* The following diagram represents the true size of parf 
of a cubic decimeter. The edge of the cube, the line A B, if 
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1 decimeter. The square erected upon it is consequently 1 
square decimeter, or 100 square centimeters. The cube erected 
upon this square would be 1 cubic decimeter, or 1000 cubic 
centimeters. The whole cube would contain 1 liter, or 1 kilo- 
gram, of water. This cube is the unit for dry and liquid meas- 
ure. In the upper corner is represented, in its true size, a 
cubic centimeter, which would hold 1 gram of water, the unit 
of weight. The lower edge of the cubic decimeter is divided 
into linear centimeters and millimeters, and compared with a 
scale of inches and eighths of an inch. 




SSS. EQUIVALENTS OF THE METRIC WEIGHTS 
AND MEASURES IN THE DENOMINATIONS NOW 
IN USE. 

The value of the Metric Weights and Measures cannot be 
exactly expressed in the denominations in customary use, but 
the following approximate values have been established by 
Congress for use in all legal proceedings : — 











MEASURES 


> OF LENGTH. 


METEIO DENOMINATIONS AND VALUES. 




SQUIYALENT8 IN DENOMINATIONS IN USE. 


Myriameter. , 
Kilometer . . 
Hectometer. . 
Dckameter . , 
Meter . . . 
Decimeter . . 
Centimeter . 
Millimeter . . 








10000 meters . . 

1000 meters . . 

100 meters . . 

10 meters . . 

1 meter . . 

.1 meter . . 

.01 meter . . 

.001 meter . . 






6.2137 miles. 

0.621.37 mile, or .3,280 feet and 10 inches. 

328 feet and 1 inch. 

393.7 inches. 

39.37 inches. 

3.937 inches. 

0..3937 inch. 

0.a394 inch. 



MEASURES OF SURFACE. 



METRIC DENOMINATIONS AND VALUES. 



Hectare 
Are . 
Centare , 



10,000 square meters 
100 square meters 
1 square meter 



EQUIVALENTS IN DENOMINATIONS IN USE. 



2.471 acres. 

119.6 square yards. 

1550 square inches. 



868 
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MEASURES OF CAPACITY. 



METRIC DBMOHINATIONS AXD VALUES. 


EQUIVALENTS IS DENOMINATIONS IN U8K. 


Names. 


No. of 
Liters. 


Cubic Measure. 


Dry Measure. 


Liquid or Wine 
Measure. 


Kiloliter or Stere 
Hectoliter . . . 
Dekaliter .... 

LiTRR 

Deciliter .... 
Centiliter .... 
MilUliter .... 


1000 

100 

10 

1 

.1 

.01 

.001 


1 cubic meter • . 

.1 cubic meter • . 
10 cubic decimeters 

1 cubic decimeter 

.1 cubic decimeter 
10 cubic centimet*s 

1 cubic centimeter 


1.308 cubic yards 
2bu.and3..35pk8. 
9.06 quarts . . . 
0.906 quart . . . 
6.1022 cub. inches 
0.6102 cub. inch . 
0.061 cub. inch . 


264.17 gallons. 
26.417 gallons. 
2.6417 gallons. 
1.0567 quarts. 
0.845 giU. 
0.3.38 fluid ounce. 
0.27 fluid drachm. 



WEIGHTS. 



HETEIO 


DENOMINATIONS AND VALUES. 


EQUIVALENTS IN DEN0MINA> 
TIONS IK USE.* 


Namss. 


No. of 
Grams. 


Weight of what Quantity of 
WHter at maximum Density. 


Avoirdupois Weight. 


Millier or Tonneau 


1000000 


1 cubic meter 


2204 6 pounds. 


Quintal 


100000 


1 hectoliter 




220.46 pounds. 


Mjrrlagram .... 


10000 


10 liters 




22.046 pounds. 


Kilogram or Kilo . 


1000 


inter 




2.2046 pounds. 


Hectogram .... 


100 


1 deciliter 




3.5274 ounces. 


Dekagram .... 


10 


10 cubic centimeters , 


» • 


0..3527 ounce. 


Gram 


1 


1 cubic centimeter . 




15.432 grains. 


Decigram 


.1 


.1 cubic centimeter 




1.5432 grains. 


Centigram .... 


.01 


10 cubic millimeters , 




0.1543 grain. 


MUIigram .... 


.001 


1 cubic millimeter < 




0.0154 grain. 



TABLE OF EQUIVALENTS. 



1 Inch =2.54 Centimeters. 

1 Foot = 3.048 Decimeters. 

1 Yard = .9144 Meter. 

1 Mile = 1.6093 Kilometers. 

1 Sq. Inch = 6 4516 Sq. Centimeters. 

1 Sq. Foot = 9.2903 Sq. Decimeters. 

1 Sq. Yard = .8361 Sq. Meter, or Cen- 

1 Sq. Mile = 2.56996 Sq. Kilos, l^^^^- 



1 Cub. Inch = 10.3934 Cub. Centimeters 
1 Cub. Foot = 28.3277 Cub. Decimeters. 



1 Gallon 
1 Grain 
1 Troy Oz. 
1 lb. Avd. 
1 Cwt. 



= 3.7854 Liters. 
= .0648 Gram. 
=r 31.ia34 Grams. 
= .45.35 Kilo. 
= .4535 QuintaL 
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I fftIS* To reduce the Metric Weights and Measures to those 
^in customary use. 

* 

^ Rule. Multiply the number of Metric units hy the correspond" 
inq number in the table. 

Ex. 1. Reduce 36 kilometers to miles. • ^ ^ 

Ans. 22.36932 miles. 

2. Reduce 5.6 meters to yards. )( *^ / h ^ * 

3. What is the equivalent of 4 Kilometers, 7 meters, and 3 
decimeters, in miles. If ' {' " t^-^ * ,1 >. Ans. 2.49-|- miles. 



•~« > 



4. Reduce 6.98 hectares to acres. • " \ • ; , j 



5. If a sheet of gold foil is .7 meter long and 16 centimeters ^ 
wide, how many square yards surface has it? *2'^¥ f< f O '^ f ' oo 

6. Reduce 2.37 kiloliteps to gallons. Ans. 626.0829 gal. y 
\ 7. How much must I pay for sawing 27 steres of wood at 

\ $1.50 per cord? Ans. $11.17+. 

8. Reduce 56.005 kilos to lbs. avoirdupois. 

SSlf. To reduce customary weights and measures to those 
of the Metric system. 

Rule. Divide the number of the customary denomination by 
the corresponding number in the table, , . i/\// 

Ex. 1. Reduce 1235.5 acres to hectares. Ans. 500^. 

2. If a piece of tent cloth contains 239 sq. yards, how many 
centares are there? Ans. 199.83-f «"*". 

3. How many kilometers is it from Washington to Boston, 
440 miles? 

4. How many liters are equivalent to 946 bushels, 1 peck, 
and 3.2 quarts? Ans. 33351.54+. 

5. What will 2 lbs. 6 oz. of quinine cost at 12^ cents per 
dekagram? Ans. $13.46. 

6. How many cubic meters in a block of granite 12 feet 6 
indies long, 4 feet wide, and 2 feet 6 inches thick? 

7. Reduce 2 t. 3 cwt. 2 qrs. to quintals. 
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8. If A buys 2 lbs. of precious stones at $500000 per lb. and 
sells them at $250 per gram, does he gain or lose, and how 
much? 

9. How much will a load of hay, weighing 1 t. 1 cwt. and 
3 qrs., cost at $4 per quintal? Ans. $39.46-|"« 

§56. MISCELLANEOUS EXAMPLES, iff^j 

SSSm Ex.1. Reduce 10 kilometers to meters. Ans. 10000. 

2. Reduce 25000 millimeters to meters. "r-lO^f Ans. 25. 

3. Add 1 kilometer, 7 hectometers, 9 meters, and 6 milli- 
meters, and write the sum in terms of a meter ; in terms of a 
kilometer ; in terms of a millimeter. 1st Ans. 1709.006™. 

4. Add 5 ares, 6 hectares, and 3 centares. (^Q y'D ^ 

5. Subtract 328 meters and 954 millimeters from 1 kilometer, 
1 hectometer, 7 Tpeters, 8 decimeters, 3 centimeters, and 2 mil- 
limeters.//p7,y J^l''j29.^^^VV Ans. 778.878°>. 

6. Reduce y kilograms to gram^ v I /C ^ ^^C^( ^ 

7. Multiply 72 millimeters by 86^. \^^ Ans. 621°> 

8. From 6 sq. meters subtract 5 sq. millimeters. ^'OfiO^ 

Ans. 5.999995«»- ™. 

9. Reduce 92 kiloliters to milliliters.^ ; .,Ans. 92000000. 

10. Reduce 92 cubic kilometers to cubic millimeters. 

Ans. 92000000090000000000. 

11. Add 9 steres and 5 decisteres. Cf» K ^ 

12. Subtract 63598 milligrams from 143 grams. J^'l^0 

13. Divide 221.103 meters by 9. /• Ans/ 24.567°>. 

14. Multiply 375 liters by 8. '' / , • 

15. Divide 3035000 cubic meters by 75875. Ans. 40*°- ". 

16. Reduce 9 kilometers to miles. -7- /• t>^y ^ , . 

17. Reduce 9 miles to kilometers. ^ f * Iv']*^ ,> 'f*' 

18. Multiply 78 ares by 9, and write as hectares. ^' i(^ 

19. Divide 273024 sq. meters by 3792, and write as sq. deka 
meters. ^^ \ Ans. .72"*' 
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20. Add 10 liters, 10 deciliters, 10 centiliters to 88.9 liters. 
^^'Iff/'f "^ Ans. 100^ 

21. Reduce 378 kilos to pounds avoirdupois, -h'//-^**^^ t ^?J 

22. Reduce 6.5 acres to ares. ^ %* -/ //- J?/ C^^S^^h'tc 5 ^^ 

23. Subtract .898490000000000000 cubic millimeters from ^ 
1.97853 cubic kilometers. Ans. 1080040000^- «». 

24. How many kilometers is it around a rectangular field 
which is 64 meters lono^ and 25 meters wide? Ans. .178^°™. 

25. If the Pacific railroad is. 1900 miles long, how many 
kilometers of wire will be required for two telegraph lines, 
allowing ^V for the sagging and for fastening of the wire ? 

Kh c>0^;7C2; 4-p -r L^'r ^°s- 6268.406+^°» 

2d. How many coins, each weighing 10 grams, can be coined 
from a piece of gold 12.5 decimeters long, .8 decimeter wide, 
and 4 centinaeters thick, if -^ of the weight of each coi^i^is to 
be copper?//;-: vV^/)^: Ij^ '' ''^l(}l ^ -^ '^ l^ffh If U^ ^ 

27. How many kilos of copper wire m the cable (mentioned 
on page 93, Ex. 35) if each yard of the wire weighs 1.5 oz? 

28. If it is 1428 miles frSm New York to New Orleans, and 
675 kilometers from Paris to Marseilles, how much further is it , 
from New York to New Orleans than from Paris to Marseilles, 
in miles? in kilometers? 1st. Ans. 1008.57525 miles. 

29. If a piece of gold weighing 3850 grams be beaten into a 
plate of even thickness, 2.5 decimeters long and 1.6 decimeters 
wide, how thick is the plate, and how much will a part of it, 
5 centimeters long and 2 centimeters wide, weigh ? 

Ans. 96.25e'. 

30. What would be the weight of a ball of iron 3 kilome- 
ters in diameter. (Art. 497.) 

31. A merchant buys 800 gallons oil at 65 cents per gallon, 
and sells it at $20 per liter ; how much does he gain or lose 
per gallon? How much upon the entire quantity? 

32. How many hours will be required to empty a cistern of 
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water 10 feet long, 6 feet wide, and 4 feet high, through a dis- 
Avti charging pipe, if the average flow is 60 liters per minute? 

^t/^)(;t<i'^t/)^^aiy.l^l{C^^ Ans. lh.53.27Tf m. 

.^ 33. Bought 10 cords of wood at the rate of $2 per stere, and 
J\>^^^ 'paid for it 450 liters of wheat at 10 cts. per liter, and the balance 

^ — in cash; tow much cash was paid? Ans. $27.48. 

34. A chemist about to analyze a coin, finds his crucible and 
, coin weigh 19.345 grams, and the crucible 17.985 grams ; what 

is the weight of the coin? ^^♦l^- / »^'\Ca)^ 

35. The result of the analysis is 90 % silver and 10 ^ copper ; 
what was the weight of the silver in the coin ? what of the 
copper ? ^l^^ ^ 

36. If 1.8 kilograms of steel be used in making 600000 nee- 
dles, what is the weight of each needle?—^ i^^', -: ^ t/^"' 

37. If a man can mow a swath 1.6 meters wide and 500 
meters long in an hour, and a boy half as much, how many 
hours will it take each to mow a field containing 80 ares? 

\ / V / - 7 ^ C "! ' Ans. Man 10 h. ' 

38. How long will it take both to mow the same field ? 

Ans. 6 h. 40 m. 

39. If one field is 6 hectometers long and 1.9 hectometers 
wide, and a second field 7 hectometers long and 1.8 hectometers 

^ wide, how many more hectares are there in the second than in 

the first? 

40. How many rolls of wall paper, each roll being 6 meters 
long and .5 meter wide, will be required to paper the sides of 

. ' a room 5.75 meters long, and 4.75 meters wide, and 3 meters 
high, if there are 2 doors 2 meters high and 1.25 meters wide. 
* • 2 windows 1.6 meters high and 1.25 meters wide, and the base* 

boards are .2 meter wide? Ans. 16.76-|— 

^ 41. How many ares are there in a rectangular field 3 kilo- 
meters long and 9 hectometers wide ? 

42. If the eye of an insect has 1.2 sq. millimeters surface, 
and contains 1500 lenses, how much surface has each leus. 

Ans. .OOOS-J"*™. 
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43. What is the price of a piece of linen 39 meters long and 
,9 meter wide, at $1.25 per sq. meter? 

44. How many sq. meters of board, 2 centimeters thick, will 
be required to make 10 boxes, with covers, .5 meter long, .3 
meter wide, and .4 meter deep, the measurements being made 
upon the outside ? 

45. If one stere of wood cost $2.37 j-, how many kiloliters of 
potatoes, at $2.50 per hectoliter, must be paid for 126 steres? 

Ans. 11.97. 

46. How many strokes of the pump must be given to supply 
a cistern 1.5 meters long, 1.3 meters wide, and 1.2 meters high, 
if each stroke discharges .6 liter? Ans. 3900. 

47. How many liters of gas. are contained in a cylindrical 
gasometer 6.5 meters high, and 7.9 meters in diameter? 

(Art. 492.) 

48. How many cannon balls 50 centimeters in diameter can 
be made from 203680.011 kUos of iron? (Art. 497.) 

Ans. 400. 

49. How many sq. feet of slates will be required to cover a 
roof 15 meters long and 7.75 meters wide, if the slates are .5 
meter long, and each row of slates covers f of the next lower 
row, provided the upper row is .375 meter wide, and the lower 
row projects .125 meter over the eaves? 

50. How much longer is the edge of a cubic kilometer than 
that of a cubic rod? 

51. How many cubic meters in a mast 15 meters long, the 
diameter of the larger end being .6 meter, and of the smaller 



.3 meter? (Art. 494.) . 
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